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PETROGRAPHY AND PETROLOGY OF SMOKY BUTTE INTRUSIVES 
GARFIELD COUNTY, MONTANA
A b strac t
The Smoky B utte  in tru s iv e s  are  lo ca ted  in  T. 18 N ., R. 36 E. 
G a rfie ld  County, Montana on the  extreme e a s te rn  edge of th e  p é tro ­
graphie province of C en tra l Montana. They c o n s is t  of dikes and plugs 
arranged in  l in e a r ,  en-echelon p a tte rn  w ith a n o rth e a s t tren d  and in ­
trude  the Tullock member (Paleocene age) of the  F o r t  Union form ation . 
E xtrusive rocks are  ab sen t.
The rocks a re  po tassium -rich  volcanic types showing a d iseq u i­
lib riu m  m ineral assemblage c o n s is tin g  of san id in e , le u c i te ,  b i o t i t e ,  
o l iv in e , pyroxene, m agnetite p lu s i lm e n ite , a p a t i t e ,  c a l c i t e ,  q u a rtz , 
and a yellow ish  to  dark g reen ish  g lassy  groundmass. Two chemical 
analyses of Smoky B utte  rocks show high magnesium, potassium , t i t a n ­
ium, and phosphorous and low aluminum and sodium co n ten t. The two 
norm c a lc u la tio n s  show th a t  the  rocks a re  over sa tu ra te d  w ith  1 .3  and 
3 .1  p e r-c en t excess s i l i c a .  Because o f th e  p e c u lia r  na tu re  of the 
Smoky B utte  ro ck s , d e sc r ip tiv e  names have been app lied  to  them. They 
are  d iv ided  in to  s ix  d if f e r e n t  ty p e s .
Three p e rio d s  o f in tru s io n  a re  proposed f o r  Smoky B utte quarry  
where th ree  rock types crop o u t. Other evidence f o r  m u ltip le  in je c ­
tio n  occurs in  se v e ra l m u ltip le  d ik es . The upper co n tac t of th e  
in tru s io n  i s  v is ib le  on a few plugs and d ik es .
Smoky B utte rocks show some s im i la r i t ie s  to  the undersa tu ra ted
v i
y i i
po tassiu m -rich  rocks of the  Highwood and Bearpaw Mountains of Montana, 
the  rocks o f th e  L eucite  H i l ls  o f Wyoming, and the o versa tu ra ted  
rocks o f the  West Kimberly D is t r i c t  o f A u s tra l ia .
INTBODUCTION 
Location and A c c e s s ib il i ty
The Smoky Butte in tru s iv e s  are  lo c a te d  8 m iles due west of 
Jordan^ Montana in  T* 18 N«  ̂ H* 36 E . ,  G a rfie ld  County, Montana. The 
in tru s iv e s  extend from Section  1 , southw est in to  Secions 12, 11, and 
lU w ith  a t o t a l  len g th  o f 1 .9  m ile s . They l i e  between Smoky B utte Creek 
to  th e  north  and th e  ju n c tio n  o f Big Dry Creek and Lone Tree Creek to  
the sou th .
Smoky B utte i s  a cc ess ib le  from bo th  i t s  no rth  and south extrem­
i t i e s .  The b e s t  ro u te  i s  to  t r a v e l  6 m iles towards Edwards along 
Highway 20 southw est from Jo rd an , tu rn  r ig h t  onto an improved ranch 
road f o r  U m ile s , c ross Big Dry Creek, and fo llow  a t r a i l  fo r  one more 
m ile . A le s s  a cc ess ib le  ro u te  i s  to  take  the  B ru se tt road west from 
Jordan fo r  6 m iles and then tu rn  l e f t  onto a ranch road fo r  another h 
m iles.
The Smoky B utte  in tru s iv e s  l i e  on the  extreme e a s te rn  edge o f 
the  pé trog raph ie  province of C en tra l Montana. The n e a re s t in tru s iv e  
rocks, which a re  d ikes, occur 55 to  60 m iles due south of Smoky B utte 
on Porcupine dome and near Ingomar dome. The n e a re s t  igneous rocks, 
which have been described  in  some d e ta i l  (Ross, 1926), a re  lo ca ted  10 
m iles w est of W innett, Montana, approxim ately 90 m iles southwest of 
Smoky Butte (F igure 1 ) .
Purpose
The purpose o f th i s  in v e s tig a tio n  was to  determine the Smoky 
B utte  rock ty p e s , to  observe the  metamorphic e f f e c ts  on the  in tru d ed
-1 -
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Tullock sediments^ and to  compare the  rocks w ith  those of the  p é tro ­
graph ie  province o f  c e n tra l  Montana.
Previous Work
During the  summers from 1902 to  1906, Bamum Brown c o lle c te d  
v e r te b ra te ,  in v e r te b ra te , and p la n t  f o s s i l s  from the Hell Creek forma­
tio n  i n  th e  Jordan a re a . He described  Smoky B utte  (then  c a lle d  Smoke 
B utte) as a h i ^ l y  v e s ic u la r  a n d és ite  w ith  c a lc i te  f i l l i n g  v e r t ic a l ly  
o rien ted  v e s ic le s .  He recognized the in tru d ed  sediments as F o rt IMion 
s t r a t a  and mentioned th a t  th e re  was no displacem ent of th e  beds. He 
dated  the  in tru s io n  as probably of l a t t e r  F o rt Union time (Brown, 1907, 
p . 232).
During the summers o f  1957 and 1959, personnel of the M ineral 
C la s s if ic a t io n  Branch, United S ta te s  G eological Survey, prepared a 
geologic map and s tru c tu re  con tour map o f  th e  Smoky B utte  a rea  as p a r t  
of the  Jordan-L indsay co a l f i e l d  p r o je c t .  The purpose o f the  p ro je c t  
was to  c la s s i f y  government lands p rev io u s ly  with-drawn fo r  coal (un­
pub lished  re p o r t) .
F ie ld  Work
The f i e l d  work was completed during  the summer of 1959, on week­
ends, w hile th e  au th o r was employed as a geologic f i e ld  a s s i s ta n t  by 
th e  United S ta te s  G eological Survey. Approximately 20 days were spent 
in  the f i e l d  making a plane ta b le  map* of th e  in tru s iv e s ,  c o lle c tin g
*The p lane ta b le  map was made to  a sc a le  of 1 inch equals UOO 
f e e t  using  Beaman Arc s ta d ia  methods f o r  h o r iz o n ta l and v e r t i c a l  d i s ­
tan c es . H orizon ta l c o n tro l was e s ta b lish e d  from standard  se c tio n  and 
q u a rte r-c o m e r m arkers. V e r tic a l  c o n tro l was e s tab lish ed  from a plane 
ta b le  tra v e rse  by  G. E. Anderson and th e  au th o r.
-3 -
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F igure  1: Sketch map of C en tra l Montana
showing th e  T e rtia ry  igneous 
rocks.
-Jl-
hand specimens^ and describ ing  th e  in tru s iv e  re la tio n sh ip s*
A s tra t ig ra p h ie  se c tio n  on the so u th eas t s id e  of th e  in tru s iv e  
s u i te  T«as measured and described  by G. E. Anderson^ a s s is te d  by the  
a u th o r, in  con junction  w ith  work in  the  Jordan-Lindsay coal f i e l d .
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SEDIMENTAH7 ROCKS 
In tro d u c tio n
An alm ost complete se c tio n  of the  Tullock member o f the  F o rt 
Union form ation o f  Paleocene age and the  upper p a r t  of th e  H ell Creek 
form ation of uppermost Cretaceous age i s  exposed on the  sou theast s id e  
o f th e  Smoky B utte  a rea  (see  Appendix I  fo r  measured section)*  F lax - 
v iH e  te r ra c e  g rav e l forms a th in  m antle on th e  rid g e  top near the no rth  
end of th e  a rea  near H alf Sediment Butte (P la te  I I ,  F igure 3 ) .
Upper Cretaceous
The upper p a r t  o f the H ell Creek form ation i s  exposed 1^00 f e e t  
to  th e  e a s t of Ship Rock (P la te  I ,  back pocket) * I t  c o n s is ts  of l i ^ t  
g reen ish -g ray  c lays tone w ith  some th in ,  s l ig h t ly  carbonaceous^hale  
beds* According to  Thom and Dobbin (192U) the  H ell Creek form ation con­
s i s t s  of somber colored  c la y s , which probably accumulated in  to p se t 
swamps o f  a g re a t d e l ta ,  and of f l u v i a t i l e  sandstone* F o s s il  remains 
o f T rice ra to p s are  numerous in  th e  lower zone and s h e l ls  of Corbicula 
s u b e l l ip t ic a  p lu s shark remains occur in  the upper zone*
Paleocene
Die Tullock member of th e  F o rt Union form ation o v e r lie s  the H ell 
Creek form ation  w ithout a  c le a r  s t r a t ig ra p h ie  break* The base of the  
low est co a l i s  defined  as th e  base o f th e  Tullock member. On th e  
so u th eas t s id e  o f th e  in tru s iv e  s u i te  th is  low est coa l i s  1*2 f e e t  
th ick* The Tullock member was named by Rogers and Lee (1923) a f t e r  
Tullock Creek, southwest of F o rsy th , Montana. I t  c o n s is ts  of f in e ­
-6 -
grained, calcareous, yellow sandstone, or sandy shale, and contains 
numerous thin coal and carbonaceous beds* The scarp-forming character 
of the Tullock member is caused by a widespread thin-bedded, calcare­
ous, ripple-marked sandstone* The numerous carbonaceous beds give a 
striped appearance to its outcrop. The characteristic yellow color of 
the beds was caused by thorough oxidation and leaching under conditions 
of flood plain deposition*
Miocene (?) o r Pliocene 
Large w ell-rounded q u a r tz i te  pebbles up to  5 inches in  len g th  
and 3 inches in  d iam eter cap the ridge  near th e  southern  ex trem ity  of 
H alf Sediment B utte  (exposure (9)> P la te  I ) .  These pebbles form a 
th in  m antle above th e  Tullock sediments* According to  Thom and Dobbin 
(1939j pp . l$ - l6 )  th e re  a re  fou r m ajor s tag es in  the  e ro s io n a l h is to ry  
along the M issouri R iver j u s t  below the  p resen t mouth o f th e  Milk River 
j u s t  below th e  p re se n t mouth o f  th e  Milk R iver (approxim ately 70 m iles 
n o rth e a s t of Smoky B u tte ) . The o ld e s t s tag e  i s  rep resen ted  by the  Cy­
p ress  su rface  of Oligocene age. The nex t lower su rface , capped by 
g ravel o f Miocene or e a r ly  P liocene age, i s  c a lle d  the F la x v il le  su r­
face* According to  C o llie r  and K nechtel (1939, p . 13) > th e  F la x v ille  
g rave l ranges in  e le v a tio n  from 2,500 to  2,800 f e e t  or 500 to  800 f e e t  
below the  Cypress H i l ls  su rface  in  T. 1? N*, R* h9 E ., McCone County, 
Montana* The g rav e l n e a r Half pediment B utte i s  a t  an e le v a tio n  of 
2,860* This g rav e l i s  presumed, by th e  au th o r, to  be o f F la x v ille  age 
because i t  occurs on the te r ra c e  j u s t  below th e  h ig h es t e ro s io n a l su r­




Physiography and Geomorphology 
Smoky B u tte , w ith  an e le v a tio n  o f 306J f e e t ,  i s  the h ighest 
p o in t in  T# 18 N*, R. 36 E* Ihere  i s  approxim ately U50 f e e t  of r e l i e f  
between the top  of Smoky B utte and th e  bed o f Big Dry Creek (a m ile and 
a h a lf  south) near the  sou theast corner of S ection  13.
The Smoky Butte d ike and plug s u i te  in tru d es  the  Paleocene Tul­
lock  member of th e  F o rt Union fo rm ation . I t  i s  more r e s i s ta n t  than  the 
country  rock and forms cone-shaped knobs and ridges of various s iz e s .
The most prominent of th e se  r id g es  i s  ”Wall Rock" which i s  an exposed 
dike forming a w a ll 1$0 f e e t  long and 23 f e e t  high (P la te  I I ,  F igure 1 ).
The two in te rm it te n t  stream s. Smoky Butte Creek to  th e  north  and 
Big Dry Creek to  the  south of th e  in tru s iv e s ,  have a g rad ien t of approx­
im ately  10 f e e t  p e r m ile . The d iv ide  between th e  two channels becomes 
broader and h igher w est of Smoky Butte and term inates eastward near the 
ju n c tio n  o f th e  two stream s. The ridge  e a s t  of the in tru s iv e s  i s  f a i r l y  
f l a t  w ith  steep  s id e s . The f l a t  top and steep  s id e s  are  caused by the  
presence o f an in d u ra ted  sandstone caprock a t  the  top of the r id g e .
Regional S tru c tu re  
In  the mapped p o rtio n  o f G arfie ld  County, s tru c tu re  contours 
drawn on the  base o f the Tullock member in d ic a te  a very gen tle  south­
e a s t  d ip  of the  sedim ents w ith  a sy n c lin a l a x is  passing  through Sec­
tio n s  23, 2U, and 2$, o f  T. 18 N ., R. 36 E. (F igure 2 ). This syncline  
i s  p a r t  o f th e  Blood Creek-Sheep Mountain sync line  shown on the  s t r u c ­
tu re  contour map o f th e  Montana p la in s  by Dobbin and Erdmann (195?).
-8«*
The sy n c lin e  i s  about 250 m iles long and extends westward to  Fergus 
County and eastw ard to  F a llo n  County, Montana. I t  i s  known in  i t s  
w estern  p a r t  as th e  ”Blood Creek sy n c lin e” and in  i t s  eas te rn  p a r t  as 
the  "Sheep Mountain sy n c lin e” .
The Smoky B utte  dike and p lug  s u i te ,  lo c a te d  ju s t  no rth  of the  
ax is  o f the  Blood Creek sy n c lin e , i s  sep ara ted  in to  two p a r ts  th a t  a re  
o f f s e t  s l ig h t ly  and have somewhat d i f f e r e n t  o r ie n ta tio n s  (P la te  I ) .  
According to  G. E. Anderson (personal communication) the  p ro jec ted  
no rth  tren d  (N. 32°E .) appears to  have been the  locus of a gen tle  bu t 
p o s it iv e  m onoclinal f le x in g  which has re s u lte d  in  a r e la t iv e  downwarping 
of the s tru c tu re  to  th e  so u th eas t. A s im ila r  s t r u c tu r a l  e f f e c t  i s  su s­
pected  along the sou th  tren d  (N. 2 5 ^ . ) .  The Tullock member i s  down- 
warped 10 f e e t  on the  so u th eas t s id e . Anderson b e liev es th a t  these  
s t r u c tu r a l  lineam ents may have been produced p r io r  to ,  b u t were more 
probably concurrent w ith  th e  T e r tia ry  fo ld in g  of the Blood Creek 
sy n c lin e .
In  the a rea  surrounding Smoky B utte  some trends p a ra l le l in g  those 
of the  in tru s iv e s  have been observed. F rac tu res  in  th e  r e s i s ta n t  sand­
stone bed of the  Tullock member th a t  caps ridges and iso la te d  knobs have 
an approximate N. 25^E. s t r i k e .  A le s s  w ell-defined  complementary f r a c ­
tu re  s e t  s t r ik e s  approxim ately N. 80% . A f a u l t  in  Section 6 , T. 18 N ., 
R. 36 E. has a s t r ik e  of N. 19^E.
These trends compare w ith some major reg io n a l trends e a s t  of 
Smoky B u tte . On the  g eo lo g ica l map of Montana compiled by Ross, Andrews 
and Wit kind (1955) > i t  can be seen th a t  the  Weldon f a u l t ,  northw est of 
C irc le , McCone County, Montana has a n o r th e a s t tre n d . Another s t r ik in g
-9 -
n o r th e a s t tre n d  occurs along Redwater Creek near C ircle#
A p re -T e r t ia ry  fa u lty  which may be the same f a u l t  s tru c tu re  on 
which th e  Smoky B utte  rocks were in tru d e d , i s  presumed to  extend north­
e a s t  and southw est from Smoky Butte# I t  extends south  and in te r s e c ts  
the  east-w est tren d in g  f a u l t s  near Bruneldo.
«"10"
10
P j r o W b l ë i B  gTood Ôreê  SÿncITnê
2 3 /
F igure  2; S tru c tu re  Contours on base  of Tullock 
member of F o rt Union form ation
S ca le : 1 in ch  = 1 m ile
Contour in te rv a l  20 f t*  
O rig in a l map by  G* E* Anderson
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INTRDSIVE ROCKS
G eneral N ature o f  the  Plugs and Dikes
The Smoky B utte  in tru s iv e s  inc lude  bo th  p lugs and d ikes arranged 
in  a l in e a r ,  en-echelon p a t te rn  f o r  a d is tance  of 1 .9  m iles. E xtrusive 
rocks a re  ab sen t. The no rthern  o n e -th ird  c o n s is ts  o f plugs and sh o rt 
d ikes trend ing  N. 32*E. The southern  tw o -th ird s , w ith a tren d  of N. 2$^ 
E . ,  i s  s t r ik in g ly  d if f e r e n t  because of the  continuous na tu re  of the  
d ik e s . A major o f f s e t  se p a ra te s  th e  two trends a t  th e  southern ex­
trem ity  of the N. 32® E. tren d  and th e  no rthern  end o f th e  N. 25® E. 
tre n d . Other minor o f f s e ts  occur on th e  north  end o f Smoky B utte and 
ju s t  n o rth  of Ship Rock. The d ikes along the southern  tren d  have a 
decided ly  sinuous p a tte rn  (See P la te  I ) .
The l in e a r  p a tte rn  o f the  p lugs and d ik es , the o f f s e ts ,  th e  
sinuous-d is  continuous d ik e s , and the  p a r a l le l  trend  of the two sh o r t  
gulleys on th e  so u th east side  of the  in tru s iv e  s u i te  suggest f ra c tu re  
c o n tro l.
P lugs
A ll o f the p lu g s , except one, show s im ila r  c h a r a c te r is t ic s .
Smoky B u tte , which i s  a r e l a t iv e ly  f r e s h , m u ltip le  d ike-p lug  in tru s io n , 
i s  th e  excep tion . The o ther p lugs a re  cone-shaped w ith  ta lu s  covered 
sedim ents o f th e  Tullock member h e ld  up along the s id e s . They contain  
s im ila r  in d u ra ted  country  rock x e n o li th s , ranging in  s iz e  from micro­
scopic to  s e v e ra l f e e t  in  diam eter as w e ll as ub iqu itous c a lc i te  vug 
f i l l i n g s  and in c lu s io n s  which vary  lo c a l ly  in  abundance. A ll o f the 
p lugs eadiib it flow  banding nex t to  the  in tru s iv e -sed im en ta ry  c o n ta c t.
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The l ig h t  and dark bands c re a te  a lam inated  appearance*
In  a l l  th e  p lu g s , excluding Smoky B u tte , the in tru s iv e  rocks are  
a l ig h t  brown o r  gray c o lo r . Smoky B utte  con ta ins r e la t iv e ly  f re s h , 
dark co lo red  rocks of th ree  d i f f e r e n t  ty p e s .
Smoky B utte
Smoky B u tte , a m u ltip le  p lug-d ike  in tru s io n  lo c a te d  in  the  
cen te r o f the  in tru s iv e  complex, i s  the la rg e s t  o f the in tru s io n s , being 
n ea rly  300 f e e t  wide a t  i t s  sou thern  end near the  quarry  (F igure 3 ) .
In  g en era l appearance i t  i s  e longate  w ith  dikes extending both no rth  
and sou th .
The m u ltip le  n a tu re  of th e  in tru s io n  i s  in d ic a te d  in  the Smoky 
B utte  quarry  where th re e  rock types crop out (P la te  I I I ,  F igures 1 , 2, 
3 ) .  The th ree  rock types exposed in  Smoky B utte  quarry  a re : I .  s a n i-
d in e -b io ti te  rock ; dark , f in e -g ra in e d , f la re d  columnar jo in te d ; b io t i t e  
and san id ine a re  the p r in c ip a l  m inerals and they  occur in  the  ground- 
mass; ( I I )  s a n id in e - le u c i te -b io t i te  rock ; g reen ish -g ray , coarser 
grained  than Type I  w ith  m egascopically v is ib le  phenocrysts o f b io t i t e ;  
( I I I )  o l iv in e - le u c i te -b io t i t e  rock ; dark , weathers sp h e ro id a lly , megas­
c o p ic a lly  v is ib le  b io t i t e  and o liv in e  phenocrysts*
Type I  rock i s  p re se n t on the  extreme e a s t  and west s id e s , j u s t  
in s id e  th e  metamorphic-igneous c o n ta c t. Type I  rock has f la re d  jo in tin g  
which in d ic a te s  the p lu g -lik e  n a tu re  of t h i s  in tru s io n  (See P la te  I I I ,  
F igure 1 ) .  Toward th e  c en te r of th e  q u a rry , co n tac t e f fe c ts  between 
th is  rock  and a b io t i t e  r ic h ,  blocky f ra c tu re s  rock (Type I I )  a re  
m anifested  in  c h il le d  zones w ith decreasing  g ra in  s ize  of th e  Type I I  
rock c lo se  to  the  co n tac ts  (P la te  I I I ,  F igure 1 and 2 ) . One of these
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contacts^  exposed on the  e a s t  s id e  of the quarry , shows a very c le a r  
decrease in  g ra in  s iz e  of the p o rp h y ritic  b io t i t e  rock w ith  more marked 
l in e a t io n  o f th e  b io t i t e  la th s  n ex t to  the contact* A sm all amount of 
shearing  i s  a lso  present*  S ix  f e e t  w est of th is  co n tac t a f a u l t  occurs 
with a one-inch shear zone f i l l e d  w ith quartz  and chalcedony* This 
f a u l t  d ip s  approxim ately 80^NW. w ith  a N* 2^°E* s t r ik e  curving toward 
the  e a s t  near th e  top o f the outcrop (P la te  I I I ,  F igure 2) * On th e  
west s id e  o f the quarry , the co n tac t i s  more obscure* However, a more 
marked l in e a t io n  o f the  b io t i t e  rock occurs w ith a sm all amount o f sh ear.
The upper co n tac t o f lÿpe I I  rock c o n s is ts  o f a darkened zone 
making a sharp  break from the rocks below and the  metamorphosed, l ig h t  
g ray , s i l t - s i z e d ,  q u a r tz i t ic  sediments above.
Rock Type I I I  crops o u t in  the  c e n te r  of Smoky B utte  quarry  in  a 
zone 16 f e e t  wide* A darkened co n tac t zone i s  v is ib le  on i t s  e a s te rn  
con tac t w ith  Type I I  rock . Type I I I  rock i s  a sp h e ro id a lly  weathered 
o l iv in e - le u c i te - b io t i t  e rock of a darker co lo r than th e  blocky san id in e- 
le u c i te - b io t i te  rock (Type I I )  th a t  i t  c o n ta c ts . This same general rock 
type i s  found both  no rth  and south o f Smoky Butte in  i t s  dike ex ten ­
s io n s .
Another ou tstanding  fe a tu re  v is ib le  in  th e  quarry i s  the  badly 
f ra c tu re d  zone p re se n t on the  west upper s id e  in  th e  columnar jo in te d  
Type I  rock . The f ra c tu r in g  i s  extreme near the con tac t of the  colum­
nar jo in te d  Type I  rock and the Type I I  rock and decreases westward 
away from th e  c o n ta c t.
The bu lk  o f  Smoky B utte  i s  composed of Type I I  rock contain ing  
the  b i o t i t e  phenocrysts* On th e  west s id e  o f th e  b u tte  th i s  rock i s
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Sketch map of Smoky Butte quarry  showing th e  in tru s iv e  rock types and 
th e i r  re la tio n sh ip * .
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jo in te d  in to  elongated  columns th a t  d ip  approxim ately 60 degrees toward 
the  c e n te r  of th e  bu tte*  On the n o rth e a s t s id e  the columns are  n e a rly  
h o r iz o n ta l;  however, th e  m assive cen te r p a r t  of th e  b u tte  shows blocky 
f r a c tu r in g .
The m u ltip le  na tu re  of Smoky B utte  i s  in d ic a te d  in  two o ther 
p laces besid es the quarry . Approximately 150 f e e t  n o rth  of the quarry , 
near th e  top of the  b u t te ,  th e re  i s  a sharp co n tac t between the Type I I  
rock on th e  no rth  and the  Type I I I  rock which l i e s  to  th e  south* On 
the  northern  s id e  of the b u t te ,  j u s t  south  o f index number (15) (Plate I) , 
a dark , dense dike ex tension  c o n s is tin g  of Type I I I  rock continues 
south  in to  the b u tte  con tac ting  the p o rp h y ritic  b io t i t e  rock  (Type I I )  
on th e  w est side* The dike a t  th a t  p o in t i s  15 f e e t  wide and the  Type 
I I  rock outcrop i s  23 f e e t  th ic k , broadening to  the sou th .
A sh o rt d ik e , 50 f e e t  in  leng th  and 3*^ f e e t  wide, occurs on 
the northw est s id e  of the  b u t te .  I t  i s  a dark flow banded type w ith 
abundant l ig h t-c o lo re d , s i l t - s i z e d  xeno liths*
Exposure I
The northernm ost exposure of the in tru s iv e  s u ite  c o n s is ts  of 
l ig h t  g ray  rock  w ith  m egascopically  v is ib le  b i o t i t e .  The exposure i s  
cone-shaped and has a  dark co n tac t zone 5 f e e t  th ic k . The cen ter of 
the exposure i s  massive*
The co n tac t zone i s  in c lin e d  towards the cen te r of the  plug w ith 
dark co n tac t rock p re se n t on the  h igher n o rth  end in d ic a tin g  near prox­
im ity  to  th e  upper contact*
A la rg e , badly  f ra c tu re d  x e n o lith  th a t  c o n s is ts  of h igh ly  
in d u ra ted , bedded sha le  occurs on th e  n o rth ea s t s id e  of the p lug .
• l6 “
P e n e tra tio n  up to  one Inch along the  f r a c tu re s  o f th i s  x en o lith  by 
in tru s iv e  m a te r ia l has occurred . The x eno lith  i s  rimmed by a narrow, 
dark co n tac t zone U inches wide.
Top C ontact B utte  
Top Contact B utte  (index  number ( 3 ) ,  P la te  I )  i s  a sm all plug
capped by f e e t  of in d u ra ted , ye llow ish  sediments of the Tullock
member. I t  c le a r ly  shows the  upper sed im en ta ry -in tru siv e  co n tac t zone 
in  a 1 .5  fo o t wide h igh ly  v e s ic u la r ,  dark  zone. V esic les and c a lc i te  
in c lu s io n s  and vug f i l l i n g s  near th e  co n tac t make up 35 p er cen t by
volume of th e  rock . These range in  len g th  from 2 to  30 mm w ith t h e i r
long axes o rien ted  h o r iz o n ta lly . Away from th e  co n tac t th e  v e s ic u la r i ty  
and dark  hue dim inishes g radua lly  grading in to  the l ig h t  brown rock be­
low.
R adial Dike B utte 
R adial Dike B utte  (P la te  I )  i s  th e  la rg e s t  of the l ig h t  gray 
colored p lu g s . Two r a d ia l  d ikes occur on the west s id e . They show very 
pronounced flow banding w ith  d is to r te d , indu ra ted  sediments of the  Tul­
lock  member p resen t near t h e i r  upper ju n c tio n  (See P la te  I I ,  Figure 3 ) . 
On the  north  s id e , a sm all sadd le  sep ara tes  the  main h igher p a r t  of th e  
plug from i t s  n o rth e rn  ex ten sio n .
On the no rth  s id e , th e  in tru s iv e -sed im en ta ry  co n tac t i s  w e ll-  
exposed showing a dark c h il le d  zone one fo o t th ic k . The zone has a 
rough currugated  appearance th a t  i s  caused by th e  g rea t abundance of 
la rg e  v e r t i c a l ly  o rien ted  v e s ic le s .  At the  co n tac t the in tru s iv e  rock 
has been sheared in to  narrow v e r t i c a l  p la te s  which has created  a zone
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of weakness r e s u l t in g  in  a s l ig h t  dep ression . E v iden tly , a f t e r  co n so li­
da tion  by rap id  c h i l l in g  a t  th e  co n tac t fu r th e r  upward movement of the  
p a r t i a l l y  molten c e n te r  caused the  shearing .
Exposure (6)
This exposure i s  more l ik e  a dike than  a plug in  th a t  i t  i s  
q u ite  long in  comparison w ith th e  w idth . The rock type i s  s im ila r  to  
th a t  o f R adial Dike B u tte . On th e  e a s t  s id e , th e  dark con tac t zone 
v a rie s  from 6 inches to  2 f e e t  in  th ic k n e ss . G enerally  th e  in tru s io n  
lack s the h ig h ly  v e s ic u la r  l in e a te d  na tu re  common to  th e  o th er p lugs.
I t s  only o th er p e c u l ia r i ty  i s  the  abundant hem atite  p resen t along the 
f r a c tu re s .
B u ll Snake Knob
B ull Snake Knob (P la te  I )  i s  an oval shaped plug w ith  a smooth 
rounded w all on the w est s id e  and a hack ly , uneven su rface  w ith  very  
abundant la rg e  x en o lith s  on the e a s t  s id e . Flow banding on the west 
s id e  and the  top in d ic a te  th a t  the in tru s io n  w elled up v e r t i c a l ly  on 
the  west s id e  and was d ire c te d  eastw ard h o r iz o n ta lly , engulfing  many 
la rg e  x e n o lith s . The abundant x e n o lith s  p lu s the la rg e  amount of blocky 
ta lu s  on the  e a s t  s id e  a lso  a t t e s t  to  th is  (See P la te  I I ,  F igure 3 ) .
Instrum ent B utte  (19)
This plug i s  th e  only one of any s ize  occuring in  the  southern 
N. 25^E. tre n d  of the  complex (P la te  I I I ,  Figure 3 ) . In  g e n e ra l, i t  i s  
composed of l i g h t  gray , flow banded rock th a t  i s  s im ila r  to  th e  o ther 
p lu g s . On i t s  n o rthern  end, c a lc i te  i s  so abundant in  th e  rock th a t  
i t  w i l l  e ffe rv esce  w ith  HCl.
P la te  I I
F ig u re  Is  Looking southw est*
W all Rock i s  seen  on th e  r ig h t*  The sm a ll r id g e  so u th  
o f  W all Rock i s  exposure  number (2 $ ) .
F ig u re  2s Looking no rth*
T h is shows a n  abandoned s h a f t  w ith  2 d ik e s  v i s ib le *
The e a s te rn m o s t d ik e  h as been b lo ck ed  o f f  by th e  
r e s i s t a n t  san d sto n e  caprock* The w e s te rn  d ik e  has 
p e n e tra te d  th e  c a p ro c k , and has in t im a te ly  p e n e t r a te d  
f r a c tu r e s  in  a y e llo w ish -g re e n  c la y s to n e  o f th e  T u llo ck  
member below th e  caprock*
F ig u re  3s T his i s  a N* 32° E. v iew .
H a lf  Sedim ent B u tte  i s  v i s i b l e  i n  th e  r i g h t  fo re g ro u n d . 
I n t r u s iv e  ro ck s  a re  much d a rk e r  c o lo re d  th a n  th e  s e d i ­
m ents o f  th e  T u llo ck  member. B u ll  Snake Knob i s  the  n e x t 
n o rth e rn m o st exposure* The la rg e  amount o f  b lo c k y  t a l u s  
i s  c le a r ly  v i s i b le  on th e  e a s t  s id e *  The h ig h  b u t te  i n  
th e  background i s  R a d ia l D ike B u tte*  Sedim ents o f  th e  





P la te  I I I
F ig u re  1: View o f Smoky B utte  q u a rry  looking  n o r th .
The Type I  rock  occurs on th e  l e f t .  The f l a r e d  colum nar 
jo in t in g  i s  c le a r ly  v i s i b l e .  I n  th e  c e n te r  o f th e  p ic tu re  
the  columnar jo in te d  rock  can be seen to  be bad ly  f r a c ­
tu re d . Type I I  rock  i s  v i s ib le  on the r i g h t  s id e .  I t  
has a b locky  type of f r a c tu r e .
F igu re  2: View of th e  e a s t  s id e  of Smoky B u tte  q u a rry .
I t  shows ta lu s  in  foreground and a f a u l t  in  th e  l e f t  
upper co m er in  the Type I I  rock .
F ig u re  3 : View look ing  n o rth  tak en  from th e  top  o f Ship Rock.
Instrum en t B u tte , a p lu g , can be seen j u s t  so u th  o f  
Smoky B u tte . Smoky B utte  q u a rry , lo c a te d  on th e  








The dikes make up the largest part of the intrusions. There 
are three general rock types found in the dikes. These are: (1) dark, 
dense dike rocks with no megascopically visible minerals, (2) light gray 
or brown dikes with abundant vertically oriented vesicles filled with 
calcite, and (3) glassy dikes with megascopically visible olivine and 
biotite phenocrysts. In the northern one-third of the suite (N. 32°E. 
trend), the dikes are short and discontinuous, not very different from 
the plugs in topographic features. Along the N. 2^°E. trend in the 
southern two-thirds of the suite, the dikes are longer, more sinuous, 
and in places, much broader.
These are several multiple dikes, one of which shows five sepa­
rate injections. In general, the dikes go around or through the light 
gray colored plugs, and show a varying strike and discontinuous pattern 
indicating fracture control.
Ship Rock
Ship Rock is the largest dike of the coraple3u It is about 60 
feet wide at its widest point and forms the high, long, narrow ridge 
south of Smoky Butte. It has light-colored sediments of the Tullock 
member occurring near its top. The rock type is that of the first 
mentioned above, consisting of dark, dense rock, lacking megascopically 
visible minerals. Ship Rock has narrow dike extensions, both north 
and south. On the north, there are two parallel dikes. The eastern­
most dike is continuous and follows the northern slope to the top of
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the Ship Rock. The westernmost dike being discontinuous and more 
sinuous in nature, terminates at the foot of the slope. Two small plugs 
occur on the top of the ridge in contact with the fresh dike rocks. One 
plug occurs near the instrument station (index number (23)), and the other 
occurs near the north end of the ridge. These plug rocks are light gray 
and show megascopically visible, reddish-brown biotite in hand speci­
men. On the northernmost end of Ship Rock (near index number (22)), there 
is a dark vesicular zone indicating the upper contact of the dike.
Smoky Butte Dike Extensions 
The Smoky Butte dike extensions, both north and south, are 
similar to the rock type of Ship Rock except that they are finer grain­
ed. The dike that extends south from Smoky Butte quarry is up to 6 
feet in width. It has a fairly constant strike south from the quarry 
for U50 feet, and then is discontinuously offset to the west. The dike 
segments on the west side of Instrument Butte have a varying strike.
This dike pattern suggests that Instrument Butte, a plug, was the first 
intruded and controlled the pattern of the dikes around it.
The northern dike ex tension , 15 f e e t  wide near index number (15), 
decreases in  width gradually  north  along the trend  to 2 .5  f e e t  a t  i t s  
northern  extrem ity  near index number ( lii) . I t  cuts through a flaggy, 
poorly exposed plug near index number (15) .
Light Gray Dikes 
The dike extending from index number (10) to (13) is a li^t 
gray dike under the second dike classification. It varies locally 
in thickness and has a discontinuous pattern on its northern end and
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forms low ridges. The southern extension of the dike is more continu­
ous. It follows the western edge of the ridge south to index number 
(13) where a shaft was dug. The dike does continue south, but does not 
penetrate the resistant sandstone caprock occurring along the crest of 
the ridge.
Near index number (11), on the north end, the dike is 3 feet ii
inches wide. It has contact zones consisting of 2 inches of dark,
vesicular rock and a 3-foot wide blocl^, light brown center. The center 
zone has abundant vertically oriented country rock inclusions and cal­
cite inclusions and vug fillings up to 2 cm in length.
On the ridge top south of index number (12), the dike cuts through
the indurated sandstone caprock with only slight contact effects. The 
caprock is fractured in one-quarter inch intervals for 1 foot on either 
side of the dike.
The shaft, near index number (13), shows two interesting relation­
ships. One is the barrier effect of the sandstone caprock, and the 
other is the penetration by the intrusive material of a yellowish clay- 
stone of the Tullock member. On both the north and south sides of the 
shaft, a dike is cut off above by the sandstone caprock. On the north 
side of the shaft, the westernmost dike penetrates the caprock and 
fills fractures in an indurated, yellowish claystone just below the 
caprock. This is shown on the photograph (Plate II, Figure 2).
Other dikes, similar in rock type, occur near index numbers (25) 




The dikes mentioned below have been classified as multiple dikes 
following the definition of Daly (1933, pp. 91-92).
"Multiple dikes are intrusions of dike form, due to successive 
injections of one or more kind of magma into the same, inter­
mittently widened fissures?
The dikes listed below all have two or more injections. The distinc­
tive parts of the multiple dikes, intruded at different times as 
indicated by field observation, are defined as members of the multiple 
dike.
Wall Rock
Wall Rock is a multiple dike composed of ^ members, all intruded 
along the same fracture. The individual members of the dike range in 
width from 3 inches to 3.5 feet. The widest member, forming the 23 
foot high wall, occurs on the western side. It contains abundant, 
large, indurated, light-colored siltstone inclusions and has chilled 
contact zones on both sides. The smaller members range in width from 
3 to 6 inches, and have indurated sediments between them varying in 
thickness from one-half inch to k inches. The smaller members show 
very marked vertical lineation of the calcite-filled vesicles which 
increase in size and abundance near the contact zones.
Half Sediment Butte 
Half Sediment Butte is a multiple dike with two members indicated 
by a chilled vesicular zone in the center and at the sedimentary- 
igneous contacts. (Plate II, Figure 3). It is located on the north 
end of the sandstone-capped ridge near index number (9) (Plate I),
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and supports siltstone of the Tullock member on its east side. The 
rock is light gray and flow banded with very abundant calcite vesicle 
fillings and inclusions. A simple dike extends south for a short dis­
tance from the multiple dike.
Half Sediment Butte penetrates the indurated sandstone caprock. 
Near the contact of the caprock and the dike, the sandstone has been
fractures in narrow intervals. These intervals become wider spaced
away from the contact and strike parallel to the trend of the dike 
(N. 32*E.).
Exposure (2)
This exposure also is a multiple dike, but it differs consider­
able from the two types just mentioned. It is composed of three members. 
The outer member is composed of a light gray, flow banded rock varying
from 2 to U feet in thickness. Small vertically oriented inclusions of
light-colored siltstone are abundant. Close to the contact with the 
inner member, this outer member rock is cleaved into plates less than 
one inch thick. The cleavage is inclined away from the center of the 
dike. A sharp contact exists between the rock of the outer member and 
the rock of the second member towards the center. There also is an 
abrupt change in color and texture. The second member rock is dark 
colored with megascopically visible biotite. This second member sur­
rounds a glassy center zone and emerges from 12 feet, both north and 
south, in dikes showing normal characteristics.
The center member is composed of a black, friable, glassy rock 
with light-colored amygdules and olivine and biotite phenocrysts. Its 
friable nature causes a depression at the top of the intrusive. The
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c o n ta c t between th e  cen te r member and th e  surrounding middle member i s  
sha rp .
The dike i s  undoubtedly a m u ltip le  d ike w ith  the  o u te r member 
in tru d ed  f i r s t ,  follow ed by the dark middle member and th a t  in  tu rn  
follow ed by th e  g la s sy  c e n te r . A fte r  co n so lid a tio n , fu r th e r  p ressu re  
from below caused the  shearing  of th e  l ig h t  colored zone f u r th e s t  from 
the c e n te r .
Rocks s im ila r  to  those found on exposure (2) are  lo ca ted  near 
index number (8) and (1 8 ). Near exposure (8 ) ,  the  rock i s  dark and 
amygdaloidal and i s  s im ila r  in  hand specimen to  th e  zone rimming the 
cen te r of exposure (2 ) . The dike i s  2h f e e t  long and 6 .5  f e e t  wide.
Near index  number (1 8 ), th e  rock type i s  s im ila r  to the cen ter 
zone of exposure (2) w ith abundant amygdules and a f r ia b le  n a tu re . I t  
occurs in  two d ikes j u s t  no rth  of Instrum ent B u tte . The northern  dike 
i s  2k f e e t  long and 9 f e e t  wide. The southern  dike i s  38 f e e t  long and 




The rock suite from the Smoky Butte area includes only fine­
grained, porphyritic types. In general, the rocks can be divided by 
color into light gray, or brown types, and into dark colored types.
The light colored types form all the plugs except Smoky Butte and are 
found in some of the dikes. The dark colored rocks compose Smoky Butte, 
its dike extensions, and Ship Rock plus some small minor dikes. The 
lighter colored rocks contain many more inclusions, a much greater per­
centage of calcite, and more marked flow banding than the darker rocks. 
Much of the color difference is probably the result of the greater 
abundance of these inclusions. The lighter colored plugs were intruded 
first because in places they are either cut by the dark dikes, or the 
dark dike pattern is controlled by the plugs.
All the rocks appear to have the same basic mineralogy and 
differ only in color, texture, and mode. Generally, they are composed 
of sanidine, biotite, pyroxene, leucite, olivine, serpentine, apatite, 
magnetite plus ilmenite with a groundmass of a light yellow, isotropic 
glass or a dark green slightly biréfringent, fibrous glass.
Two chemical analyses were made of rocks from Smoky Butte quarry 
which show a close relationship indicating that they are comagmatic 
(Table IV, Analyses 1 & 2). The rock suite is rich in potassium, mag­
nesium, phosphorous, and titanium, and poor in aluminum, sodium and 
calcium. According to Wade and Prider (1939, p. 50), in discussing 
similar rocks, the peculiar nature of the rocks has been caused by
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the low aluminum and the high potassium content. The Smoky Butte rocks 
are oversaturated and contain a disequilibrium mineral assemblage that 
indicates near surface conditions.
It appears that all Hie Smoky Butte intrusive rock types have 
the same chemical composition. Mineralogical and textural differences 
are accounted for by different rates of cooling and different conditions 
occurring during emplacement (the modes of 13 thin sections are given 
on Table I).
Because of the unusual nature of the Smoky Butte rocks, well- 
known established rock names cannot be applied to them. Rather than 
use little known rock names with modifiers, descriptive names are used 
instead. The Smoky Butte rocks have been divided into six different 
types which have been named with regard to the characteristic mineral 
components of ecah.
Type I: Sanidine-biotite rock; dark; fine grained; microlites
of biotite and sanidine in the groundmass are the chief 
constituents.
Type II: S a ni dine-1eueite-biotite rock; dark; phenocrysts of
biotite, sanidine, and serpentinized olivine with small 
leucite crystals.
Type III: Leucite-olivine-biotite rock; dark; phenocrysts
of biotite and olivine; small leucite crystals; 
light green, glassy groundmass.
Type IV: Olivine (calcite)-biotite; light; phenocrysts of
biotite and calcite pseudomorphs after olivine; glassy
groundmass contains sanidine microlites but no leucite; 
calcite vug fillings and inclusions.
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Type Vs Olivine (serpentine)-biotite rock; dark; phenocrysts 
of biotite and serpentine pseudomorphs after olivine; 
sanidine microlites in groundmass glass; less calcite 
than Type IV.
Type VI: Sanidine-biotite-calcite rock; light; sanidine and
biotite occur as microlites in groundmass; calcite 
inclusions and vug fillings.
Petrography-
Type I; Sanidine-Biotite Rock
This rock type is exposed on the east and west sides of Smoky 
Butte quarry and consists of a dark, amygdaloidal, columnar jointed, 
sanidine-biotite rock. The jointing is flared, indicating the plug­
like nature of this intrusion. Type I rock extends 150 feet north of 
the quarry where it con-bacts the sanidine-leucite-biotite (Type II) 
rock to be discussed next. A chemical analysis (Table IV, Number (2)) 
was made of this rock type.
Under the microscope, flow banding is very distinct (Plate IV, 
Figure 1) and oriented phenocrysts of sanidine and serpentine pseudo­
morphs after olivine are observed. The groundmass is indeterminable 
except for small opaque granules and euhedral crystals of magnetite and 
ilmenite. The rock is cut by fractures filled with calcite, euhedral 
quartz and epidote, clay minerals, and serpentine. These same minerals 
occur in vugs with minor amounts of hematite.
Al"though the bulk of this rock type is exposed on the west side 
of the quarry, a better insight of the actual mineralogy was ob-bained
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from the east side of the quarry. There, althou^ the rock is similar 
in hand specimen, the groundmass is a little coarser grained. The 
petrographically identifiable minerals are: sanidine in phenocrysts,
9^; sanidine in groundmass, 30^; biotite, 12^j fresh olivine tr., 
serpentine, quartz in xenoliths, 2%\ vug fillings of quartz, 1^; 
epidote, 1^; magnetite plus ilmenite, lh%; apatite, S%$ pyroxene, 2%; 
and unidentified, 26%, These are estimated percentages.
X-ray diffraction patterns of samples from both sides of the 
quarry show strong sanidine peaks indicating that sanidine is present 
in the microscopically indeterminable groundmass on the west side of 
the quarry.
Sanidine is the most common phenocryst and occurs in euhedral 
crystals in amounts up to 5^» It has a small 2V, negative sign, and 
indices less than balsam. Oligoclase is present in phenocrysts on 
the west side of the quarry in amounts up to 3%» It has a 2V of 60
degrees, extinction angle of 7 degrees on the albite twins, and a
positive sign. A few of the crystals are zoned. Phenocrysts of
pseudomorphs after olivine are present in amounts up to V%, The
pseudomorphs commonly carry a small amount of unaltered olivine in 
the centers. The bulk of the elongated euhedral crystal forms have 
been replaced by serpentine, quartz, epidote and calcite.
The rock has many vug and fracture fillings, containing eipdote 
and quartz in euhedral form, calcite,serpentine, clay minerals, and 
hematite. The epidote has high relief, slight pleochroism in a light 
yellow, birefringence of .013 to .01$, high dispersion, and a 2V of 
about 7$ degrees.
Sample Number 1 19 2h
TYPE
I I













Sanidine liO*6 33.2 35.3 35.2 31.U 33.0 32.8 2 .6 7 .5 11.5 17.5
B io ti te lli .7 25.9 IU.9 16 .6 20.0 20.2 32.6 10 .1 6 .0 8.8 27.0 19 .0 35.0
T ^oxene 10.6 8 .6 8 .6 7 .0 9.8 5 .0 5 .0 7 .3 9 .0 13.6 2 .0
L eucite 8.8 3 .1 12.7 10.9 11.0 15.6 i . l i 22.7 15.6 I8 ,li
pseud. pseud<pseud
O liv ine 1 1 .5 t r . t r . t r . t r . o .li 9 .2 U.6 li.O 6 .0 8 .5 3 .0
S erp en tin e 5 .8 3 .0 2.0 3 .0 1 .8 t r . t r . t r . t r . t r . t r . t r .
Ore 5 .0 11.3 9 .0 9 .3 7 .6 7 .6 5 .0 lli .7 22.0 15.2 li.O 8.0 2 .5
A p a tite L.5 ii.ii L.5 ko3 1 .5 1 .2 2.h 8 .6 5 .0 7.1i li.O li.O 3 .5
Q uartz 1 t r . 3 .1 0 .3 0.7 1 .2 7 .8 t r . li.O 2.0 li.O
C a lc ite t r . 0 .1 O.li t r . 7 .0 1 .0 11.5
G lass 9 .1 9 .1 8.8 13.2 13.1 11.0 12.0 26.7 20.8 22.0 38.5 iili.O 8.0
Hem atite li.O
U n id en tif ied 1 .6 l . i i 1 .0 17.0 8 .0 2 .0 13 .5
TABLE I
MODAL ANALYSES OF 13 THIN SECTIONS
1
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Xenoliths make up from 5 to lS% of the rock and occur as elongated 
pod-shaped, quartz!tic types oriented with respect to the flow banding.
A narrow dark, glassy, band surrounds the xenoliths. Pleochroic yellow
masses, consisting of highly biréfringent crystal aggregates, occur 
throughout the groundmass and surround the quartz!tic xenoliths. This 
mineral is presumed to be biotite since biotite was observed on the 
east side of the quarry in larger crystals of similar appearance.
Type II : Sanidine-Leucite-Biotite Rock
Type II rock occurs in Smoky Butte quarry, intruding the dark, 
sanidine-biotite columnar jointed type just described. It makes up the 
bulk of the butte and is exposed 1^0 feet north of the quarry, on top, 
and on the sides of the butte. It is greenish gray in color and has 
megascopically visible biotite phenocrysts up to 3 mm long.
In thin section, this rock can be seen to be a porphyry with
phenocrysts of biotite, sanidine, pigeon!te, augite, and olivine. The 
other minerals present include: leucite, apatite, serpentine, quartz,
calcite, magnetite plus ilmenite, and a glassy groundmass. Model 
analyses 1, 19, 2l*, 25, 26, h2 and U3 are of this rock type (Table l). 
Chemical analysis (I) (Table IV) was made of this rock type. See also 
the photomicrographs (Plate V, Figure 1 & 2).
Sanidine is the most common mineral and composes 35^ of the rock 
in the quarry and kl% on the top of the Butte and at the upper contact 
in the quarry. The sanidine occurs both as elongated phenocrysts and 
as small rod shaped microlites. It is optically negative and has a 
2V of 25 degrees and indicies less than balsam.
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Figure 1; Type I rock: shows sanidine
phenocrysts (s), indeterminable ground­
mass (west side of quarry), and flow 
banding. Plain light, x ^0.
Plate IV
Figure 1: Type II rock; shows biotite (b), san"ine (s), '
leucite (1), pyroxene (p), magnetite and ilmenite (opaque), 
and apatite needles (clear). Plain light, x 50. West side 
of quarry.
Figure 2s Type II rock; shows biotite (b), sanidine (s), 
leucite (l), pyroxene (p), magnetite & ilmenite (opague), 
and apatite needles (clear). Plain light, x 50, East 
side of quarry,
P late  V
-3U-
Figure 1: Type III rock; shows leucite (1), olivine
phenocyst (o), biotite phenocrysts (b), apatite needles 
(clear), magnetite & ilmenite (opaque grains), and glassy 




Figure 2: Type V rock; shows serpentine pseudomorph
after olivine (o), magnetite & ilmenite (opague), apatite 
needles (clear), and both light and dark glassy ground- 
mass. Plain light, x 50.
P la te  VI
*35"
B io t i te  i s  th e  nex t most abundant m in e ra l. I t  i s  p re se n t in  
amounts rang ing  from 1$ to  33%* The sm a lle s t  percen tage  occurs a t  the  
top  o f Smoky B u tte , and the  h ig h e s t p ercen tage  occurs in  th e  quarry  
nex t to  th e  upper c o n ta c t . The b i o t i t e  i s  in  euhedral p la te s  and la th s  
w ith  th e  2V vary ing  from 5 to  UO degrees* I t  i s  p leoch ro ic  w ith  X ■ 
l i g h t  ye llow , T * l i g h t  re d d ish  brown, and Z » red d ish  brown. E x tinc­
t io n  ang les o f 6 degrees wi-tti re s p e c t  to  th e  cleavages were observed 
on a  few of th e  e longated  l a t h s .  Many o f th e  la rg e  p la te s  have horn­
b lende cleavage w ith  the Mg r ic h  c e n te r  of th e  c ry s ta l  a  l i ^ t  yellow , 
and th e  Fe & Ti r i c h  edges a d a rk e r  yellow  to  red d ish  brown. A ll the 
b i o t i t e  i s  p o i k i l i t i c  co n ta in in g  l e u c i t e ,  a p a t i t e ,  pyroxene, o r  sm alle r 
b i o t i t e  l a th s .  The r e f r a c t iv e  index o f X v a r ie s  from 1.61*6 to  1.6$U*
The type w ith  th e  h ig h e r r e f r a c t iv e  index  has a 27 c lo se  to  1*0 deg rees, 
w hile  th e  low er index  type has a 27 rang ing  from $ to  20 deg rees. One 
anomalous b i o t i t e  c r y s ta l  1* mm long has an e x tin c tio n  angle of 3$ 
d e g re es . The pleochroism  i s  the  same as has been m entioned, and i t  has 
a  27 o f 1*5 d eg rees . I t s  o p tic  o r ie n ta t io n  i s  ZAC o f 35 d eg rees . On 
the  e a s t  s id e  o f th e  q u a rry , th e  b i o t i t e  has g re a te r  ab so rp tio n  w ith  
th e  c o lo r  o f deep red d ish  brown, in d ic a tin g  a h ig h e r iro n  and tita n iu m  
c o n te n t.
P ig e o n ite  and a u g ite  a re  p re s e n t  in  b o th  la rg e  and sm all euhedral 
c r y s t a l s .  The pyroxenes have an e x tin c tio n  angle of 1*5 d eg rees , and 
c ry s ta l s  w ith  a  27 of 25 and 60 degrees a re  bo th  p re s e n t. The au g ite  
i s  predom inant over th e  p ig e o n ite  by a r a t i o  o f 2*1. The maximum 
le n g th  o f th e  l a r g e s t  pyroxene i s  0 .5  mm. The la rg e r  pyroxene c ry s ta l s  
a re  lo c a te d  in  th e  rocks on th e  w est s id e  o f th e  quarry  and on the top
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o f th e  b u tte#  On th e  e a s t  s id e  o f th e  q u a rry , the  pyroxene c ry s ta ls  
a re  much sm a lle r  w ith  the on ly  p o s s ib le  o p t ic a l  de te rm ina tion  th a t  of 
e x t in c t io n  an g le .
L eu c ite  occurs in  subhedra l to  euhedra l equant c ry s ta ls  su r­
rounded by sa n id in e . A c e r ta in  amount of r e c iy s t a l l i s a t i o n  has taken 
p lac e  because th e  c ry s ta l s  a re  n o t w holly i s o t r o p ic .  The le u c i te  
c ry s ta ls  have a neg a tiv e  r e l i e f  and a p o o rly  defined  c o n ta c t w ith  the  
s a n id in e . Some c ry s ta l s  show an  equan t, euhedral form in  which s a n i­
d ine i s  v i s ib le  in s id e  the le u c i te  c r y s ta l  o u tlin e  w hile the rounded 
c e n te r  rem ains com plete ly  i s o t r o p ic .
O liv in e  i s  p re s e n t  in  a l l  th e  se c tio n s  in  amounts up to  2 p e r­
c e n t .  I t  occurs as u n a lte re d  p o rtio n s  of the  o r ig in a l  la rg e  pheno- 
o ry s ts  which a re  iq) to  2 mm in  le n g th , and as sm all euhedra l and an - 
h e d ra l c r y s ta l s  in  th e  groundmass. The 27 i s  c lo se  to  90 degrees and 
the  s ign  i s  n e g a tiv e . The Y index  i s  1 .670 , g iv ing  a com position o f 
Fo^q* The m a jo r ity  o f the  stubby and club-shaped c iy s ta l s  have been 
a l t e r e d  to  th e  h ig h ly  b i r é f r in g e n t  se rp en tin e  b a s t i t e ,  which i s  l ig h t  
green i n  p lane  l i g h t .  S erpen tine  of lower b ire f r in g e n c e , pseudomor- 
p h ic  a f t e r  o l iv in e ,  i s  e s p e c ia l ly  abundant a t  th e  top  o f th e  b u t te .
M agnetite  and ilm e n ite  occur in  sm all euhedral equant and 
e longa ted  c ry s ta l s  i n  amounts rang ing  from 5 to  11^. The low est p e r­
cen tage o f th e se  m inera ls  i s  p re s e n t on to p  o f  Smoky B u tte , and  n ex t 
to  the  upper c o n ta c t in  th e  q u a rry . The amount p re s e n t ,  on the  average , 
in  th e  r e s t  o f the  q u a rry  rocks i s  9%* A p a tite  occurs in  very  sm all 
need les  and i n  la rg e  e u h ed ra l, e longated  c ry s ta ls#  The a p a t i te  i s  
f a i r l y  c o n s ta n tly  p re s e n t a t  U#5^, b u t  decreases a t  the  upper c o n ta c t
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in  the q u a rry  to  2.W *
Q uartz occurs in  x e n o li th s  surrounded by  a  narrow g lassy  zone, 
o r i n t e r s t i c i a l l y »  C a lc ite  i s  p re s e n t in  minor amounts a s  a  re p la c e ­
ment o f o liv in e#  The groundmass averages about 11^ o f th e  rock  and 
c o n s is ts  o f g la s s  which in  p lane  l i g h t  i s  dark  g reen ish , and occurs 
between th e  sa n id in e  la th s#  Under crossed  prism s i t  p o la r iz e s  l i g h t  
s l i ÿ i t l y .
In  summary, th e  same m inerals a re  p re s e n t  in  a l l  th e  th in  sec ­
t io n s  o f th e  s a n id in e - le u c i te -b i  o t i t e  rock . There a re ,  however, some 
m inor m icroscopic d iffe ren ces#  The b i o t i t e  in  th e  rock on th e  e a s t  side  
o f th e  q u arry  i s  much d a rk e r c o lo r , in d ic a tin g  a h ig h er Fe and Ti con­
te n t  than  th e  r e s t  o f th e  s a n id in e - le u c i te  b i o t i t e  rock# A t th e  top  o f 
the  q u a rry , near th e  upper c o n ta c t, th e  l e u c i t e ,  m agnetite  p lu s  ilm e n ite , 
and a p a t i te  c o n te n t decreases#
Type I I I :  L e u c ite -O liv in e -B io tite  Rock
This rock  type  i s  exposed in  th e  c en te r  o f Smoky B utte  quarry  
and i s  r e a d i ly  id e n t i f i e d  in  th e  f i e l d  by i t s  sp h e ro id a l w eathering#
I t  in tru d e s  th e  s a n id in e - le u c i te -b io t i t e  rock type ju s t  d e sc rib ed  and 
i s  a much darker co lo r w ith  m egascopically  v is ib le  b i o t i t e  and o liv in e  
phenocrysts#  The rock composing th e  Smoky Butte d ike ex tensions to  the  
n o rth  and so u th , and th e  rock  composing Ship Rock i s  r e la te d  to  th is  
type# These rocks have th e  h ig h e s t percen tage  o f m ap ie tite  p lu s  i l ­
menite# Modal a n a ly se s  o f th e se  rocks a re  given on (Table I ,  samples 
23, 3 , U9)# See a ls o  th e  photom icrograph of t h i s  rock type (P la te  VI, 
F ig u re  1)#
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The p e tro g ra p h ic a lly  id e n t i f i a b le  m inerals o f sample 22, taken 
from Smoky B u tte  quarry  a re :  l e u c i t e ,  23^; o l iv in e , 9%i pyroxene, 7%i
se rp e n tin e  t r . ,  m agnetite  p lu s  i lm e n ite , l5 ? j  a p a t i t e ,  S%; and a ground­
mass o f y e llo w ish  g la s s ,  27?. The rock i s  p o rp h y r itic  w ith  v e r t i c a l ly  
o r ie n te d  p h enocrysts  of o liv in e  and b i o t i t e  up to  3 mm in  le n g th .
The le u c i t e  i s  f r e s h ,  p o i k i l i t i c ,  and c o n ta in s  m ic ro li te s  o f 
a p a t i t e ,  m a ^ e t i t e ,  and i lm e n ite .  I t  i s  p re s e n t in  sm all equan t, 
euhed ra l c ry s ta l s  showing r a d i a l l y  a rranged  in c lu s io n s  and i s  up to  
0 .18  mm in  d iam eter. The le u c i te  has s tro n g  negative  r e l i e f  and i s  
com plete ly  i s o t r o p ic .
O liv ine  occurs in  la rg e ,  v e r t i c a l ly  o r ie n te d , euhedra l s k e le ta l  
and norm al c r y s ta l s  up to  2 mm in  le n g th , and in  sm all anhedra l c ry ­
s t a l s  in  th e  groundmass. The r e f r a c t iv e  index of Y i s  1 .6?0 , g iv ing  
i t  th e  same com position a s  was p re s e n t in  Rock Type I I I  (Foyg).
The b i o t i t e  i s  s im ila r  to  t h a t  d iscussed  p rev io u s ly  in  th e  s a n i-  
d in e - le u c i te - b io t i te  type (Type I I ) .  I t  i s  p re s e n t in  p la te s  and in  
e longa ted  l a t h s .  The b i o t i t e  i s  p o i k i l i t i c  co n ta in in g  m agnetite and 
i lm e n ite , a p a t i t e ,  l e u c i t e ,  and pyroxene. Hornblende cleavage i s  
v i s ib le  in  some o f th e  p la te s .
Pyroxene occurs on ly  in  sm all m ic ro li te s  w ith  the only p o ss ib le  
o p t ic a l  t e s t  be in g  th e  e x tin c t io n  an g le  of approxim ately UO degrees.
A sm all v e in le t  tra v e rs in g  th e  th in  s e c tio n  shows serpentin?;^ 
i z a t io n  o f  the  groundmass g la s s  and b i o t i t e .  The l i g h t  yellow  g la ss  
has been a l t e r e d  to  a d a rk er g reen  g la s s  w ith  a f ib ro u s  te x tu re  show­
in g  some p o la r iz a t io n  of l i g h t  in  f i r s t  o rder in te r fe re n c e  c o lo rs .
A b i o t i t e  phenocryst 2 mm long  has th e  c en te r a l te r e d  to  se rp en tin e
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w hile  th e  o u te r  p a r t  o f th e  c ry s ta l  has been u n a lte re d .
A p a tite  occurs In  bo th  la rg e  and sm all euhedra l e longated  
c r y s t a l s .  M agnetite  and i lm e n ite  occur in  sm all euhedra l equant and 
e lo n g a ted  c r y s ta l s .
The groundmass c o n s is ts  o f a l ig h t  ye llow ish  is o tro p ic  g la s s  w ith  
a  r e f r a c t iv e  index  o f 1 .536 . According to  th e  c la s s i f i c a t io n  given by 
Wahls t r  ora (195$> page 286), t h i s  g la s s  f a l l s  in  the  l e u c i te - te p h r i t e  
range and has a  s i l i c a  co n ten t of approxim ately  58 p e r-c e n t by w eigh t.
A v a r ie ty  of t h i s  rock  ty p e  ( l e u c i te - o l iv in e - b io t i t e )  i s  p re se n t 
in  th e  Smoky B utte  d ike  ex ten sio n s and in  Ship Rock. I t  d i f f e r s  from 
the  v a r ie ty  j u s t  d esc rib ed  in  th a t  i t  i s  much f in e r  g rained  and has no 
m egascopically  v i s ib le  m in e ra ls .
The p e tro g ra p h ic a lly  id e n t i f i a b le  m inerals a re  the same as l i s t e d  
under sample 22, in c lu d in g ; l e u c i t e ,  15.6%; o l iv in e , L.6%; pyroxene, 9%; 
se rp e n tin e  t r . ,  m agnetite  p lu s i lm e n ite , 22%; a p a t i t e ,  5%; q uartz  t r . ,  
a groundmass o f y e llow ish  g la s s ,  20.8%; and u n id e n tif ie d , 17%. (For 
comparison o f modes o f Type I I I  rocks see Table I ) .  The g ra in  s iz e ,  how­
e v e r , i s  much f i n e r .  A few la rg e  u n a lte re d  o liv in e  phenocrysts a re  . 
v i s ib le  and subhedral o l iv in e  m ic ro li te s  occur in  th e  groundmass. The 
o liv in e  i s  p o i k i l i t i c  co n ta in in g  opaque euhedral m ic ro li te s  o f ilm e n ite  
and m ag n e tite , and has a  2V c lo se  to  90 degrees and a p o s it iv e  sign* 
Pyroxene m ic ro li te s  were recogn ized  by t h e i r  e x tin c tio n  angle o f hO 
d eg rees . P o i k i l i t i c  b i o t i t e  co n ta in in g  euhedral opaque m in e ra ls , 
a p a t i t e ,  and le u c i t e  occurs in  sm all i r r e g u la r  patches and euhedral 
e lo n g a ted  form w ith  a  p leochro ism  o f X » l i g h t  ye llow , Y •  l i g h t  red ­
d ish  brown, and Z * red d ish  brown. The b i o t i t e  c ry s ta ls  a re  co nsiderab ly
sm a lle r  than  th e  s im ila r  rock in  th e  quarry  (maximum len g th  0 .2  ram).
The leucite in the groundmass is present as euhedral, isotropic cry­
stals with a maximum diameter of .OU ram. Apatite occurs in extremely 
small microlites dispersed throughout the groundmass.
Quartzitic xenoliths in this section have a rounded grain out­
line with a li^t yellowish glassy border. The grains are penetrated 
by a highly biréfringent unknown mineral.
Sample taken  from Ship Rock, shows approxim ately  th e  same 
m ineralogy as  sample 3 , w ith  one ex cep tion . Small san id in e  c r y s t a l l i t e s  
occur in  th e  groundmass. The g ra in  s iz e  i s  la r g e r  than  th e  dike rock  
ju s t  d isc u sse d  w ith  the  b i o t i t e  having a  maximum le n g th  o f O.U nm., 
and th e  l e u c i te  a  maximum diam eter of 0 .09 ram. This rock has the  
g re a te s t  amount o f pyroxene o f a l l  th e  rocks in  th e  s u i te  (see  modal 
a n a ly s is .  Table I ,  sample U9)* The pyroxene occurs bo th  in  sm all 
c r y s t a l l i t e s  and in  la rg e  p a r t i a l l y  reso rbed  p la te s  up to  0 .5  ram. in  
le n g th . 2 Vs o f approxim ately  25 and 60 degrees were observed in ­
d ic a tin g  the p resence  o f bo th  p ig e o n ite  and a u g ite .  ühe e x tin c tio n  
ang le  i s  U5 d eg rees . O liv ine  occurs in  euhedral phenocrysts and in  
sm all anhed ra l g ra in s  in  th e  groundmass. The o liv in e  i s  n o t serpen­
t in iz e d ,  b u t  appears to  have been broken up.
In summary, the rocks exposed in Smoky Butte quarry, the Smoky 
Butte dike extensions, and Ship Rock show the same mineral assemblage 
with minor exceptions. In general, the mineral size decreases accord­
ing to the size of the intrusive. It appears that the rocks were 
intruded with olivine, leucite, biotite, and accessory minerals of 
apatite and opaque minerals. Ship Rock had also, when intruded, some 
large pyroxene phenocrysts.
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Type IV8 O liv ine  (C a lc i te ) -B io t i te  Rock
This rock type forms th e  c e n te r  o f exposure (1) and shows a 
te x tu re  worthy o f  d e s c r ip tio n  in  some d e t a i l .  I t  d i f f e r s  from Type I I I ,  
j u s t  d e sc r ib e d , i n  t h a t  th e re  i s  complete absence o f l e u c i t e ,  more 
g la s s  i s  p re s e n t in  the  groundmass, and san id in e  occurs i n  o r ie n te d  
m ic r o l i te s .
In  the  hand specim en, th e  rock i s  l i g h t  g reen ish  gray in  c o lo r .
I t  has m egascopically  v i s ib le  reddish-brow n b i o t i t e ,  and abundant c a lc i t e  
vug f i l l i n g s  w ith  inw ardly  te rm in a ted  c r y s ta l s .  C a lc ite  a lso  occurs as 
in c lu s io n s .
The p e tro g ra p h ic a lly  id e n t i f i a b le  m inera ls  a re : b i o t i t e ,  28#;
sa n id in e , 7*$#; c a l c i t e  pseudomorphs a f t e r  o l iv in e ,  6#; c a lc i t e  f i l l i n g  
vugs, k%$ q u a r tz , se rp e n tin e  t r . ,  m agnetite  p lu s  i lm e n ti te ,  a p a t­
i t e ,  h%$ and a g la s sy  groundmass, 38 .$# . The most s t r ik in g  a sp ec ts  o f  
th i s  rock type  a re  th e  l i g h t  c o lo r , abundance o f  la rg e  euhedral pheno- 
c ry s t s ,  c a l c i t e  pseudomorphs a f t e r  o l iv in e , and th e  very  abundant g la s s .
Sanidine i s  confined  e n t i r e ly  to  th e  groundmass as e longated  
m ic ro l i te s .  The m ic ro li te s  f re q u e n tly  occur as o r ie n te d  aggregates 
w ith  th e  dark g reen ish  g la s s  p re s e n t between the  in d iv id u a l c r y s ta l s .
In  p a r t s  o f  th e  s e c tio n  a  mesh s t ru c tu re  i s  v i s ib le ,  composed o f m icro­
l i t e s  o f san id in e  o r ie n te d  p e rp e n d icu la r  to  one ano ther w ith  dark green 
is o tro p ic  g la ss  between them. In  some p a r ts  o f  th e  s e c tio n , th e  s a n i­
dine i s  alm ost com plete ly  a b se n t.
The b i o t i t e  i s  th e  dark  reddish-brow n v a r ie ty ,  and occurs as 
euhedra l p la te s  and l a th s  up to  1 mm in  le n g th . I t  i s  p o i k i l i t i c  and 
en c lo ses  numerous need les o f  a p a t i t e ,  m agnetite  p lu s  H m en ite , and c a l­
c i t e .
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C a l  c i t e  i s  v e ry  abundant a s  vug f i l l i n g s ,  in c lu s io n s , and as 
pseudomorphs a f t e r  o l iv in e .  The vugs a re  oval in  shape and a re  up to  
i* mm in  d iam e te r . The pseudomorphs average 1 mm i n  len g th  and a re  in  
eu h ed ra l stubby  and e lo n g a ted  c r y s ta l  form . In  some of th e  elongated  
pseudomorphs th e  s k e le ta l  o l iv in e  c r y s ta l  s t r u c tu r e ,  s im ila r  to  th e  
o liv in e  i n  sample 22 from th e  q u a rry , i s  s t i l l  v i s i b le .  Euhedral q u a rtz , 
some h e m a tite , and a  t r a c e  o f  se rp e n tin e  around the  o u te r edge of the  
c ry s ta l  form occur w ith  the  c a l c i t e  b u t a re  subord inate  to  i t .  Although 
much o f the  c a lc i t e  occurs as vug f i l l i n g s  and in  v e in le ts  c ro s s in g  th e  
th in  s e c t io n ,  th e re  i s  some evidence th a t  i t  may occur a s  x e n o lith s  
a ls o .  S ev era l o f th e  la rg e  oval-shaped vugs a c tu a l ly  appear to  be 
c a lc i t e  x e n o lith s  because of the  wide g la ssy  zone around them.
M agnetite and ilm e n ite  occur in  euhedral e longated  m ic ro li te s  
in  th e  groundmass. A p a tite  occurs in  sm a ll, e longated  n eed les . The 
groundmass i s  dark  green  in  p lane  l i g h t  and i s  i s o t r o p ic .
Type V: O liv ine  (S e rp e n tin e )-B io tite  Rock
This rock  type  forms th e  w a ll and c e n te r  zone o f exposure ( 2 ) ,  
the  s h o r t  d ike a t  exposure (8 ) ,  and the  two d ikes n ear index number 
(1 8 ) , j u s t  n o rth  o f Instrum en t B u tte . In  g e n e ra l, th e  d a rk , am ygdaloidal 
rock in  th e  c e n te r  o f exposure (2) i s  ve ry  s im ila r  to  th e  o u te r d a rk , 
more r e s i s t a n t  ro ck ; excep t th a t  i t  has more abundant f r a c tu r e s ,  a
g re a te r  number o f  amygdules, and lac k s  sa n id in e .
Type V rock d i f f e r s  from Type IV in  th a t  se rp en tin e  in s te a d  of 
c a l c i t e  occurs as pseudomorphs a f t e r  o l iv in e .  The b i o t i t e  i s  n o t as
abundant,  nor in  as good c r y s ta l  form , and pyroxene i s  p re s e n t .
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In  hand ^ c i m e n .  Type 7 rock  i s  a dark  gray  co lo r w ith megas­
c o p ic a l ly  v i s i b le  b i o t i t e ,  se rp e n tin e  pseudomorphs a f t e r  o l iv in e ,  and 
c a lc i te *  M ic ro sco p ic a lly , th e  id e n t i f i a b le  m inerals a re :  sa n id in e ,
10*5?5 b i o t i t e ,  19?j se rp e n tin e  pseudomorphs a f t e r  o l iv in e , 8 .$ $ ; py­
roxene, m agnetite  p lu s  i lm e n ite ,  8%; a p a t i t e ,  k%f q u a rtz , 
c a l c i t e  t r * ,  ep id o te  t r . ,  and a g la ssy  groundmass, kh%» The modal 
a n a ly s is  o f types IV and V a re  given ag a in  on Table 1* See a lso  th e  
photom icrograph (P la te  V I, F igu re  2 ) .
The b i o t i t e  occurs in  euhedral and subhedral p la te s  and la th s  
w ith  a maximum le n g th  o f 0*7 mm* I t  i s  p leo ch ro ic  w ith  Z ■ red d ish -  
brown, Y * l i g h t  re d d ish  brown, and X * alm ost c o lo r le s s  t o  l i ^ t  
yellow* The b i o t i t e  i s  p o i k i l i t i c  co n ta in ing  m agnetite  p lu s  ilm e n ite  
and a p a tite *
S an id ine  occurs in  th e  groundmass g la s s  as m ic ro l i te s ,  and 
appears to  have j u s t  begun to  c r y s t a l l i z e  when i t  fro ze  because in  
p lane  l i g h t  few c r y s ta l  o u tlin e s  a re  v is ib le *  W ith crossed  p rism s, 
the san id in e  m ic ro li te s  can be r e a d i ly  d is tin g u ish e d  d isp e rsed  th rough­
o u t th e  glass*
Most o f th e  pseudomorphs a f t e r  o liv in e  are  se rp en tin e  in s te a d  
of c a l c i t e ,  which i s  th e  case  in  Type IV rock* O liv ine  i s  p re s e n t as 
sm all u n a lte re d  p o r t io n s  o f th e  o r ig in a l  phenocrysts and in  sm all p a r­
t i a l l y  se rp e n tin iz e d  c ry s ta l s  in  the groundmass* Some o f th e  pseudo­
morphs a f t e r  o liv in e  a re  as long as 3 mm w ith  a good euhedral c r y s ta l  
form ; a few have s k e le ta l  form . The se rp en tin e  i s  f ib ro u s . I n  p lane 
l i g h t  i t  i s  l i g h t  green and has a  h igh  apparen t b ire fr in g e n c e  under 
c ro ssed  prism s* The 2V i s  about 25 degrees*
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The pyroxene occurs in  need le  shaped c ry s ta l s  up to  2 mm in  
le n g th  w ith  a degree e x t in c t io n  ang le  the  only p o ss ib le  o p tic a l  
determ ination*  M agnetite^ ilm en ite^  and a p a t i t e  occur in  sm all m icro­
l i t e s  d isp e rse d  th roughou t th e  groundmass* C a lc ite ,  q u a rtz , and epidote 
occur a s  v e s ic u la r  f i l l i n g s .
The groundmass i s  s l ig h t ly  darker than  th a t  in  Type IV rock*
I t  ranges in  c o lo r  from  a l i g h t  yellow  to  brown in  p lane l i g h t .  With 
c ro ssed  p rism s, th e  l ig h t  yellow  g la ss  can be seen to  c a rry  the  abun­
d an t sa n id in e  m ic ro li te s  w hile  th e  d a rk e r, brown co lo red , alm ost 
i s o t ro p ic  g la s s  occurs around a reas  con ta in ing  abundant v e s ic le s .
The c e n te r  zone o f exposure (2) d i f f e r s  bu t l i t t l e  from th e  
o u te r more r e s i s t a n t  zone* In  hand specimen, th e  rock i s  dark c o lo re d , 
f r i a b l e ,  c o n ta in s  abundant amygdules, and has m egascopically  v is ib le  
o liv in e  phenocrysts*  The m ineralogy i s  the  same as in  th e  o u te r zone 
w ith  th e  same s iz e  ran g e . There a re  some minor v a ria tio n s*  Namely, 
u n a lte re d  o liv in e  i s  more abundant, th e  groundmass glass, has a tu rb id  
n a tu re , th e re  a re  more f r a c tu re s  th a t  t ra v e rs e  th e  se c tio n  in  two 
d i r e c t io n s ,  and sa n id in e  i s  a b se n t.
The b i o t i t e  i s  th e  same as in  th e  o u te r  zone* O liv in e  occurs 
as u n a lte re d  p a r t s  o f  th e  o r ig in a l  equant to  e longated  euhedral c ry s ta l s .  
I t  a lso  i s  found in  sm all euhedral to  an h ed ra l g ra in s  in  th e  groundmass* 
Many of th e  o l iv in e  c r y s ta l s  have th e  s k e le ta l  form p rev io u s ly  des­
c r ib e d . The se rp e n tin e  has rep laced  from o n e -h a lf  to  a l l  o f the  la rg e r  
o l iv in e  c r y s t a l s .
The groundmass g la s s  i s  in te r e s t in g  because of i t s  tu rb id  n a tu re . 
This ty p e  o f tu rb id  is o tro p ic  g la s s  was no t seen i n  any o f the  o th er
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rock  types* The ^ a s s  v a r ie s  i n  c o lo r  from c le a r  to  l i g h t  yellow  and 
shows no sanidine*
The abundant anygdules were s tu d ie d  by x - ra y  d i f f r a c t io n  and 
found to  be made up m ostly  o f montm o r i l lo n i te  w ith  a l i t t l e  quartz*
The ro ck  i s  c u t  by sm a ll i r r e g u la r  f r a c tu re s  f i l l e d  by a h ig h ly  b i r e f -  
r in g n e n t unknown m ineral*  E v id en tly  the  c e n te r  zone of exposure (2) 
cooled more r a p id ly  th an  the  o u te r more r e s i s t a n t  zone causing  th e  c lo se  
f r a c tu r in g  and in h ib i t in g  th e  development o f san id in e  in  th e  ground­
mass*
Type Vis S a n id in e -B io tite -C a lc ite  Rock 
This rock type  makes up a l l  th e  p lu g s , excluding  Smoky B u tte , 
and the d ikes n o t m entioned under the p rev ious rock  d e s c r ip tio n s .
These in c lu d e  Top C ontact B u tte , R ad ia l Dike B u tte , exposure (6 ) ,  B u ll 
Snake Knob, H alf Sediment B u tte , the  d ike extending  from exposure num­
ber (1 0 ) , to  ( 13) ,  In strum en t B u tte , W all Rock and exposure numbers (2$) 
and ( 26) .
In  hand specijnen. Type VI rocks a re  l i g h t  g ray  o r brown i n  c o lo r , 
have very  abundant in c lu s io n s , and co n ta in  c a lc i t e  as th e  only megas­
c o p ic a lly  v i s ib le  m in e ra l. G en era lly , th ey  a re  v e ry  f in e -g ra in e d , flow  
banded ty p e s . X -ray d i f f r a c t io n  de te rm ina tions of the  m inerals supple­
mented th e  m icroscopic d e te rm in a tio n s * C o rre la tio n  of some specimens 
by mode determ ined by x -ra y  d i f f r a c t io n  was made to  specimens in  which 
the  mode was determ ined p e tro g ra p h ic a lly . In  a l l  the ro c k s , moderate 
to  s tro n g  sa n id in e  peaks were p re se n t in d ic a tin g  th e i r  c lo se  r e l a t io n ­
ship*
Except fo r  t h e i r  l i f t e r  c o lo r ,  th e se  rocks do n o t d i f f e r  g re a t ly  
from the columnar jo in te d  rocks o f Type I .  The same m inerals can be
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i d e n t i f i e d  m ic ro sc o p ic a lly , w ith  m ic ro li te s  o f  san id in e  and b i o t i t e  
making up th e  l a r g e s t  p a r t  o f th e  rocks* The l ig h t e r  co lo r o f VI 
rocks can p robab ly  be a t t r ib u te d ,  in  la rg e  p a r t ,  to  th e  abundance of 
in c lu s io n s  and c a lc i te *
Sanple ( 8 ) ,  tak e n  from Top C ontact B u tte , i s  f in e -g ra in e d , 
l i g h t  brown i n  c o lo r  w ith  vug f i l l i n g s  of c a lc i te  the  only megascopi­
c a l ly  id e n t i f i a b le  m ineral*
The p e tro g ra p h ic a lly  id e n t i f i a b le  m inerals a re :  sa n id in e , 17*?^>
b i o t i t e ,  35^1 m agnetite  p lu s  i lm e n ite , c a lc i t e  pseudomorphs a f t e r
o l iv in e ,  3^; c a l c i t e  in  vugs, 11*5?| q u a rtz , h%$ menat i t e ,  a p a t i t e ,  
3*^%$ and a groundmass g la s s ,  8*0? w ith  17 .$? u n id e n tif ia b le  m ateria l*
The san id in e  and b i o t i t e  occur as m ic ro l i t ic  e q u a l-s iz e d  cry ­
s t a l s  up to  0*2 mm in  le n g th  in  th e  groundmass* There a re  a few s a n i­
d ine phenocrysts p re s e n t  a s  long as 0*$ mm. The average s iz e  o f the 
san id in e  and b i o t i t e  i s  *02 ram* The b i o t i t e  i s  the reddish-brow n 
v a r ie ty  w ith  p leochroism  o f X * c o lo r le s s  to  l i g h t  yellow , T = l ig h t  
red d ish  brown, and Z » red d ish  brown* Hem atite appears to  be an a l ­
t e r a t io n  p roduct of b i o t i t e  w ith  which i t  i s  a sso c ia te d  throughout the  
sec tion*  I n  p lac es  th e  sa n id in e  i s  w ell-developed w ith  a low 2V and a 
n eg a tiv e  sign* I t  occurs in  bo th  equant g ra in s and e longated  la th s*
C a lc ite  occurs as pseudomorphs a f t e r  o liv in e  in  euhedral elongated 
c iy s ta l s  up to  2 ram* in  le n g th  and in  la rg e  oval shaped vugs up to  3 Mn 
in  diam eter* Q uartz occurs w ith  the c a l c i t e ,  b u t i s  subo rd ina te  to  i t*  
M agnetite  and i lm e n ite  occur in  e longates needle shaped m icro­
l i t e s *  ihe  a p a t i t e  i s  p re s e n t  a s  exceed ing ly  sm all need les in  the  
groundmass* The groundmass g la s s , dark  green in  p lane l i g h t ,  i s
i s o t r o p ic  and occurs between th e  san id in e  m ic ro l i te s .
Samples taken  from th e  d ike a t  exposure (11) and Instrum en t 
B utte^  show th e  same m inera l assem blage a s  above except th a t  th ey  lack  
the  pseudomorphs o f c a lc i t e  a f t e r  o liv in e*  The te x tu re  i s  th e  same 
excep t th a t  th e  c r y s ta l  s iz e  o f th e  b i o t i t e  and san id in e  i s  s l ig h t ly  
la rg e r*  C a lc ite  occurs f i l l i n g  vugs and i s  very  abundant* The ore 
m in era ls  a re  more abundant than in  sample (8 ) .
M ic ro sco p ic a lly , a  sample from one of the 6 inch  wide d ik es  a t  
W all Rock, shows very  marked v e r t i c a l  l in e a t io n ,  w ith  th e  abundant 
ore  and a p a t i t e  need les v e r t i c a l ly  o r ie n te d . C a lc ite  v e s ic le  f i l l i n g s  
a re  v e ry  abundant in  len g th s  -up to  6 mm. The groundmass p o la r iz e s  l i ^ t  
and was determ ined to  c o n ta in  san id in e  by x -ray  d i f f r a c t io n .  No pseudo­
morphs a f t e r  o l iv in e  a re  p re s e n t .
PETROGENESrS
In tro d u c tio n
The g r e a te s t  amount of da ta  a v a ila b le  f o r  p e tro g e n e tic  i n t e r ­
p r e ta t io n  e x is ts  f o r  th e  rocks exposed in  Smoky B u tte  i t s e l f .  The 
rock  types p re s e n t  in  th e  B utte  a re  the  s a n id in e -b io t i te  rock (Type l )  > 
the  s a n id in e - le u c i  t e - b i o t i t e  rock  (Type I I ) ,  and th e  le u c i  te  -o l iv in e -  
b i o t i t e  rock  (Type I I I ) .  The f i e l d  r e la t io n s h ip s  allow  an in te r p r e ta ­
t io n  o f  the in tr u s iv e  sequence o f these  th re e  rock  ty p e s . The a v a ila b le  
chem ical analyses a re  o f rock Types I  and I I ,  sampled in  Smoky B u tte . 
T h ere fo re , the  p e tro g e n e s is  o f th e  rocks in  Smoky B utte  w i l l  be d i s ­
cussed f i r s t ,  and t h i s  d isc u ss io n  w i l l  be used as a b a s is  f o r  
in te rp r e t in g  th e  o th e r  rock types p re se n t in  th e  s u i t e .  The accesso ry  
m inerals m ag n e tite , i lm e n ite , and a p a t i te  which occur in  a l l  the rock 
types a re  n o t s t r e s s e d  in  th e  fo llow ing  d isc u ss io n .
P e tro g en esis  o f  the  Rocks P re se n t in  Smoky B utte
The rock  types p re se n t in  Smoky B utte  a re  shown in  F igure  3 , 
a  ske tch  o f  th e  q u a rry  where th ese  rocks a re  w ell-exposed .
F ie ld  evidence shows th a t  th e  s a n id in e -b io t i t e  rock (Type I )  
was the  f i r s t  in tru d e d  fo llow ed  by th e  s a n id in e - le u c i te -b io t i te  rock 
(Type I I ) ,  and th a t  in  tu rn  was fo llow ed  by the  le u c i te - o l iv in e - b io t i te  
rock  (Type I I I ) .
The s a n id in e - b io t i te  rock (Type I )  was in tru d e d  in  p lug  form , 
as i s  in d ic a te d  by th e  f la r e d  jo in t in g  of the  columns. L a te r i t  was 
f r a c tu re d  on th e  w est upper s id e  and in tru d e d  by th e  b locky f ra c tu re d  
s a n id in e - le u c i te - b io t i t e  rock  (Type I I ) .  On th e  e a s t  s id e  of the
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q u arry  th e  s a n id in e - le u c i te ~ b io t i te  rock shows c le a r ly  the c h i l le d  
c o n ta c t e f f e c t s  w ith  th e  columnar jo in te d  ro ck s . The g ra in  s iz e  
d ecreases eastw ard  to  th e  c o n ta c t and a more n o tic ea b le  l in e a t io n  i s  
developed. Some shear occurs a t  th e  c o n ta c t. Approxim ately 6 f e e t  
w est from  t h i s  c o n ta c t, a f a u l t  w ith  a one inch  sh ear zone f i l l e d  w ith  
q u a rtz  and chalcedony in d ic a te s  movement o f the  Type I I  rock 
a f t e r  s o l i d i f i c a t io n .  The c o n ta c t between th e  Type I  rock and th e  
s a n id in e - le u c i  t e - b i o t i  te  rock  (Type I I )  i s  no t as w e ll exposed a t  the  
w est c o n ta c t .  I t  does, however, show a decrease  in  g ra in  s iz e  and some 
sh e a rin g . The o l iv in e - l e u c i t e - b io t i t e  rock (Type I I I )  in tru d e s  the  
s a n id in e - le u c i  t e - b i o t i t e  rock (Type I I )  in  a zone 16 f e e t  w ide. I t  i s  
in  sharp  c o n ta c t w ith  th e  Type I I  rock .
Chemical analyses of Smoky B u tte  rock Types I  and I I  a re  shown 
on Table IV , an a ly ses (1) and (2 ) ,  A nalysis (1) i s  o f th e  sa n id in e -  
le u c i  t e - b i o t i t e  rock type and a n a ly s is  (2) i s  of the s a n id in e -b io t i te  
ro ck . The norms o f these  rock  ty p e s , the  modes of th e  b io t i te - s a n id in e  
rock and th e  l e u c i te - o l iv in e  rock , lype I I I ,  a re  g iven on Table I I ,  No 
chem ical a n a ly s is  was ob ta ined  fo r  th e  l e u c i te - o l iv in e - b io t i t e  rock 
(Type I I I ) ,  No mode f o r  the  s a n id in e -b io t i te  rock was determ ined be­
cause of i t s  f in e -g ra in e d  n a tu re . However, x -ray  d i f f r a c t io n  shows 
i t  to  be h i ^  in  b i o t i t e  and sa n id in e . The mode f o r  the  b i o t i t e -  le u c i te  
san id in e  rock (Type I I )  i s  a mean f o r  a l l  th e  th in  se c tio n s  of t h i s  
rock ty p e . O liv in e  and se rp en tin e  should  be considered  to g e th e r  as the  
t o t a l  o r ig in a l  o l iv in e  because most o f th e  o liv in e  has been a l te r e d  to  
se rp e n tin e  •
On th e  b a s is  o f th e  a v a ila b le  d a ta , th e  chem ical ana ly ses and
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th e  norms, i t  i s  e v id e n t t h a t  rock  Types I  and I I  a re  comagma t i c .  
A lthough no chem ical a n a ly s is  was ob ta ined  f o r  th e  o l iv in e - le u c i te -  
b i o t i  t e  rock (Type I I I ) ,  i t  appears to  have a s im ila r  com position. 
Evidence f o r  t h i s  i s  th e  h igh  percen tage  of s i l i c a  r ic h  g la s s  p resen t 
in  the  groundmass and th e  s im i la r i ty  o f  m ineralogy which d i f f e r s  only 
in  t h a t  th e  u n d e rsa tu ra te d  m inerals p re s e n t in  th e  o l iv in e - le u c i te -  
b i o t i t e  rock type f a i l e d  to  beg in  re a c tin g  w ith  th e  m elt to  form 
s a tu ra te d  m in e ra ls , because of quenching. The d iffe re n c e s  in  the  
rock ty p es a re  accounted f o r  by tim e o f in tru s io n  and r a te  o f co o lin g . 
Table I I I  shows the  proposed in tru s iv e  scheme.
The columnar jo in te d  Type I  rock was th e  f i r s t  in tru d e d  con­
s i s t in g  o f m elt p lu s  a few o liv in e  c r y s ta l s .  In  th in  s e c tio n , a l te r e d  
o liv in e  phenocrysts make up le s s  than 1 per c e n t of th e  rock w ith  s a n i­
dine and b i o t i t e  th e  predom inant determ inable  m in e ra ls . Sanidine and 
b i o t i t e  were determ ined p e tro g ra p h ic a lly  on th e  e a s t  s id e  o f the  q u a riy  
and t h e i r  presence was confirm ed on the  w est s id e  of th e  quarry  by x -ray  
d i f f r a c t io n .  The sm all c r y s t a l  s iz e  p o in ts  to  th e  conclusion th a t  dur­
ing  in tru s io n  th e  columnar jo in te d  rock was com pletely m olten, excep t 
f o r  o l iv in e  p h e n o cry s ts , and th a t  i t  c ry s ta l l iz e d  r a p id ly  in  p la c e .
The s a n id in e - le u c i  t e - b i o t i t e  rock  in tru d e s  th e  Type I  rock and 
was cooled r e l a t i v e ly  slo w ly , developing  a much la r g e r  c r y s ta l  s iz e .
The magma o f t h i s  rock type con ta ined  c ry s ta ls  o f  o l iv in e , l e u c i t e ,  
and some b i o t i t e .  The u n d e rsa tu ra te d  m inerals subsequently  p a r t i a l l y  
re a c te d  w ith  th e  m elt to  form s a tu ra te d  m inerals during c o o lin g . The 
re a c tio n s  in c lu d e  le u c i te  to  sa n id in e  and o liv in e  to  se rp e n tin e  w ith  
pyroxene c r y s ta l l i z in g  from th e  m e lt. These r e la t io n s h ip s  can be seen
in  th in  s e c t io n s .  Most of the l e u c i te  has a poo rly  d e fin ed  border w ith  
th e  surround ing  sa n id in e . The o liv in e  occurs only in  sm all u n a lte re d  
p o r tio n s  o f th e  o r ig in a l  euhedra l c r y s ta l s ,  th e  r e s t  has been a l te re d  to  
s e rp e n tin e . The pyroxene occurs in  i t s  la r g e s t  c ry s ta l  s iz e  away from 
th e  c o n ta c t  zones in  th e  s a n id in e - le u c i  t e - b i o t i  te  rock of the  west s id e  
o f Smoky B u tte  q u a rry . Many o f the  la rg e  b i o t i t e  c ry s ta ls  have a p a le  
Mg r ic h  c e n te r  and a dark Fe and Ti r ic h  border in d ic a tin g  continued 
growth a t  th e  l a t e r  s ta g es  o f c r y s ta l l i z a t io n .
The o l iv in e - l e u c i t e - b io t i te  rock was th e  l a s t  type in tru d e d . I t s  
magpia was in tru d e d  w ith  l e u c i t e ,  o l iv in e ,  and some b i o t i t e .  Then i t  was 
quenched, p ro h ib it in g  fu r th e r  re a c tio n  o f  th e  phenocrysts w ith  th e  
groundmass. Type I I I  rock  i s  a d isequ lib rium  type in  which c iy s t a l l i z a -  
t io n  p ro g ressed  to  th e  p o in t where le u c i te  had c ry s ta l l iz e d  from th e  
m elt b u t was quenched befo re  th e  le u c ite -o r th o c la s e  re a c tio n  could  take  
p la c e . The e a r ly  c r y s ta l l i z a t io n  must have occurred a t  some depth and 
a t  tem pera tu res h iÿ ie r  than th e  le u c ite -o r th o c la s e  re a c tio n  tem pera tu res, 
a f t e r  which the  magma was in tru d e d  and the  s i l ic e o u s  re s id u e  c h i l le d  
q u ick ly . This i s  e v id e n t i n  t h in  se c tio n  a s  the m inerals are  u n a lte re d  
excep t f o r  a sm all v e in le t  t ra v e rs in g  th e  se c tio n  where the groundmass 
and a sm all amount o f b i o t i t e  were se rp e n tin iz e d .
The conclusion  a s  to  the sequence of even ts in  th e  form ation  of 
the  rocks in  Smoky B u tte  i s  as fo llo w s. The amount o f o liv in e  o r ig in ­
a l l y  p re s e n t as  phenocrysts fo llow s th e  sequence of in tru s io n  and 
a llow s an in te r p r e ta t io n  o f  th e  m inerals p re se n t as phenocrysts when 
the  magma in tru d e d . Namely, th e re  i s  an in c re a s in g  amount o f o liv in e  
in  th e  sequence from th e  s a n id in e -b io t i te  rock  (Type I )  to  th e  s a n i-  
d in e - le u c i te - b io t i t e  rock (Type I I )  to  th e  o l iv in e - le u c i te - b io t i t e
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Modes
Rock Type I I I I I I
S an id ine M ajor — —
B io t i te Major 20.7 10.U
Pyroxene 7 .8 7 .3
L euc ite 9 .0 22.7
O liv in e 1 .3 9 .2
S erpen tine 3 .1 T r.
Ore 7 .8 llt .7
A p a tite U.2 8 .6
Quartz 2.U Tr.
C a lc ite 0 .2 -  -
G lass 10.9 26.7
U n id e n tif ie d 1 .5 “ -
Norms
A p a tite u .? U.8
Ilm e n ite 5*2 U.6
R u tile 0 .7 1,U
A lb ite 8 .0 10,5
O rthoclase 51.0 Ul*.5
A n o rth ite 1 .0
H em atite 1 .5 1 .9
E n s ta t i te 21.0 22.8
D iopside 5 .6 2 ,0
Q uartz l.U 3 .1
Table I l s  Modes and Norms o f  Smoky B u tte  Quarry Rocks
Magna Chamber In tru s iv e  Rocks in  Smoky B utte
M elt + few o l iv in e  x ls  
o re
a p a t i te
M elt + U% o l iv in e  
IO5S le u c i te  
5% b i o t i t e  
o re
a p a t i te  
? pyroxene
In tru s io n  w ith  
rap id  cooling
In tru s io n  w ith  
slow coo ling  - R eactions a f t e r  in tru s io n  
O liv ine  — ^ s e rp e n tin e  
L euc ite  — > san id in e
M elt-----> pyroxene +
S anid ine + more b i o t i t e
S a n id in e -b io t i te  (Type l )
Very f in e  g rained  w ith  id e n t i f i a b le  
major m in e ra ls , b i o t i t e  and sanidinev
S a n id in e - le u c i te -b io t i te  (Type I )  
Average Mode
San id ine 34.5
B io t i t  e 20.7
Pyroxene 7.Ô
L eucite 9 .0
O liv ine 1.3
S erpen tine 3 .1
Ore 7 .8
A p a tite 4 .2
Q uartz 2 .4
C a lc ite 0 .2
Glass 10.9
U n id en tif ied 1.5
M elt + 9*2% o l iv in e
10.4/^ b i o t i t e  -  
22,1% l e u c i te  
14.7  o re  
8 .6  a p a t i te  
7 .3  pyroxene
In tru s io n  and 
quenching —
O liv in e -1 e u c i te -b io t i te  (Type I I I )
Mode
B io ti te 10.4
Pyroxene 7.3
L eucite 22.7
O liv ine 9 .2
Ore 14.7
A p a tite 8 .6
Glass 26.7
TABLE i n
PETROGENESIS OF SMOKY BUTTE QUARRY ROCKS
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rock  (Type I H ) .  This i s  ev id en t in  th in  s e c tio n . Type I  rock con ta ins 
pseudomorphs o f o liv in e  in  sm all amounts, no t more than  1 p e r c e n t.
Type I I  rock  co n ta in s  o l iv in e  and se rp en tin e  pseudomorphs a f t e r  o liv in e  
averag ing  h*h%* Type I I I  rock co n ta in s  the  h ig h e s t amount of o l iv in e , 
9 .2 ^ . T his i s  the  same sequence as  th a t  of the  in tru s io n s  in  Smoky B utte  
q u a rry . L eu c ite  shows th e  same sequence because in  th e  Type I  rock  i t  
was n o t d e te c te d . In  th e  Type I I  rock  i t  averages 9% and in  th e  Type I I  
rock  i t  makes up 22*1% by volume o f  th e  rock .
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R e la tio n sh ip s  of th e  O ther In tru s iv e  Rocks 
to  Those of Smoky B utte  
The rocks exposed in  th e  p lugs and d ik es , excluding Smoky B u tte , 
a re  composed of U d i f f e r e n t  rock  ty p e s . Because Type VI rocks show 
c lo se  s i m i l a r i t i e s  to  the  b io t i te - s a n id in e  rock  (Type I )  o f Smoky B utte  
q u a rry , th ey  w i l l  be  considered  f i r s t .
G e n e ra lly , th e  Type VI rocks have san id in e  and b i o t i t e  occurring  
in  th e  groundmass determ ined b o th  o p t ic a l ly  and by x -ra y  d i f f r a c t io n .  
O liv ine  phenocrysts a re  ab sen t except f o r  Top C ontact B u tte  where i t  
occurs making up 3 p e r cen t of th e  rock . In  these  re sp e c ts  th e  l i g h t  
co lo red  p lug  and d ike rocks resem ble c lo s e ly  the  Smoky B u tte  columnar 
jo in te d  Type I  ro ck . The l i ^ t  co lo red  d ike and p lug  rocks co n ta in  a 
much g re a te r  p ercen tage  o f  in c lu s io n s  c o n s is tin g  of f in e -g ra in e d , 
l ig h t - c o lo r e d ,  in d u ra te d  sedim ents and c a l c i t e ,  which account in  la rg e  
p a r t  f o r  th e  l ig h t e r  c o lo r .
The n o rth e rn  and sou thern  Smoky B u tte  d ike ex tensions and Ship 
Rock a re  composed of the  d a rk , dense le u c i te - o l iv in e - b io t i t e  rock 
(Type I I I ) .  The so u thern  Smoky B u tte  dike ex tension  by-passes se v e ra l 
sm all l i g h t  co lo red  p lugs and as can be seen on P la te  I ,  i t s  outcrop 
p a t te r n  appears to  be c o n tro lle d  by Instrum ent B u tte , where i t  i s  o f f ­
s e t  to  th e  w est. The n o rth e rn  Smoky B u tte  dike ex tension  c u ts  through 
a sm a ll l i g h t  co lo red  p lug  a t  exposure (15) (P la te  I ) .
From th e  r e la t io n s h ip s  po in ted  ou t above, the  l ig h t-c o lo re d  
p lugs and d ik es composed o f rocks s im ila r  to  th e  s a n id in e -b io t i te  rock 
(Type I )  o f Smoky B u tte  were in tru d e d  contemporaneously to  the  colum­
n a r jo in te d .  Type I  ro ck . The Smoky B u tte  d ike ex ten sio n s and Ship
—56»
TABLE IV
CHEMICAL ANALYSES MODES AND NORMS OF SMOKY BUTIE 
AND RELATED ROCK TYRES
1 2 3 1» 5 6 7 8
8102 51,2 53 .1 51.19 51.07 50.23 39.19 1»9.26 l»6.5l
1102 5 ,0 U»6 1».89 2.13 2.27 o.l»o 1.11 0.83
Al^O^ 11*0 10.9 8.53 9.93 11.22 8.1»1 13.61» 11.86
FegO^ 2*6 2 .1 6 .12 2.72 3.31» 3.1»7 1.72 7.59
FeO 2 .7 3.U 1.38 1.19 1.81» 5.51 7.76 lt.39
MnO 0*13 0 .1 0 .06 0.01» 0 .05 0.21» 0 .12 0.22
MgO 8*0 8.1» 7.15 10.31 7.09 22.78 8.31 1».73
CaO U.2 U.3 5.82 U.87 5.99 8.90 8.U2 7.1*1
NagO 1 .1 0 .9 0 .58 0 .82 1.37 3.23 1.90 2.39
KgO 7*1 8.1» 9 .02 9.92 9.81 2.11» 5.02 8.71
HgO U .l 1 .5 3 .25 U.23 2.65 U.22 1.53 3.55
P2O5 2*2 2 .1 0.79 1.53 1.89 0.53 0.75 0 .80
CO2 0.09 < 0 .05 n i l
O thers .93 .90 2.87 1.1»!» .02 0 .70
TOmL 99.0 100.0 99.71 99.66 100.1» 100.53 99.56 99.72
1# Smoky B u tte  Type I I  rock* At s ta t io n  12U in  Smoky B u tte  quarry* 
Rapid rock a n a ly s is  by th e  U*S*G*S«
2* Smoky B utte  Type I  rock* ?U f e e t  w est o f s ta t io n  12U in  Smoky B utte  
q u a rry . Rapid rock  a n a ly s is  by th e  U.S.G.S;
3* C ô d ric ite  (L e u c ite , d io p s id e , p h lo g o p ite , K. Na, Mg am phibole, 
groundmass)* (Wade and P r id e r ,  1939, P* 7 5 ), West Kimberly, 
A u s tra lia *
U* O rend ite  (P h o lo g p ite , l e u c i t e ,  san id ine)*  L eucite  H i l l s ,  Wyo* 
(W ashington 191?, p* 592).
5 , Wyomingite (P h o lo g o p ite , l e u c i t e ,  d iopside)*  (Cross 1897, p . 130)*
6* Nephelene H auynite A lnoite*  W innett, Montana* (R oss, 1926, p . 221)* 
7* A ugite  m afic p h o n o lite . Highwood Mountains (B uie, 19Ul, p , 1766).
8* Leucdtlte* Bearpaw Mountains (Weed & P irs s o n , 1696a, V ol. 2 , p* lU?)*
Table IV (con tinued )
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Mùdes
1 2 22 3 k 5 6 7 8
S an id ine Major 3U.5 Major 50.0
P la g io c la se
10 .U 16.0
7.0
B io t i t e Major 20.7 2.0 Minor Minor 5.0 Minor
Pyroxene Minor 7.8 7.3 10.0 Minor Minor 5.0 25.0 31.1
L eu c ite 9.0 22.7 60.0 Major Major 57.1
O liv ine Minor 1.3 9.2 5.0 35.0 10.0
S erpen tine Minor 3.1 t r .
6.0Ore Minor 7.8 1Ü.7 Minor 3.0 11.8
A p a tite Minor U.2 8.6 Minor 1.0
Quartz Minor 2.U t r .
C a lc ite Minor 0.2
R u tile U.O
Amphibole 5.0 Minor
H auynite 11.0




G lass 10.9 Minor Minor
U n id e n tif ie d 1.? lii.o 5.0
Norms
A p a tite U.5 U.8 1.6 3.5 U.O 1.1 2.U 1.6
I lm e n ite 5.2 U.6 2.6 2.0 3.0 0.6 2.0 1.2
R u tile 0.7 1.U 2.3 0.5 0.2 -  - — — -  -
A lb ite 8.0 10.5 5.5 8.0 7.5 10.5 — —
O rthoclase 51.0 UU.5 UU.o U8.5 51.0 —' — 29.5 3U.8
A n o rth ite 1.0 U.5 — — — ■ — 2.8 10.5
H em atite 1.5 1.9 U.6 2.0 2.U 0.U -  - U.5
E n s ta t i te 21.0 22.8 10.8 U.O — — —— — — — —




























Rock, composed o f rocks s im ila r  to  th e  l e u c i te - o l iv in e - b io t i t e  rock 
(Type I I I ) ,  were in tru d e d  l a t e r  as was th e  Type I I I  rock in  th e  Smoky 
B u tte  q u a riy .
An anomalous s i tu a t io n  occurs in  exposure (1) and (2) in  rock 
Types IV and V. These rocks co n ta in  a h igh  percen tage o f b i o t i t e  and 
c a lc i t e  o r se rp e n tin e  pseudomorphs a f t e r  o l iv in e , san id in e  m ic ro lite s  
in  th e  groundmass, b u t no l e u c i t e . O ther rock types w ith  th is  much 
o l iv in e  and b i o t i t e  occurring  as phenocrysts a ls o  co n ta in  l e u c i t e .  Rock 
types IV and V were in tru d e d  w ith  phenocrysts of b i o t i t e  and o liv in e  
p lu s  m ag n e tite , i lm e n ite , and a p a t i t e  and quenched as san id in e  began to  
c r y s t a l l i z e .  These rocks were in tru d e d  a f t e r  o liv in e  and b i o t i t e  had 
c ry s ta l l i z e d ,  b u t b e fo re  l e u c i te  had c r y s ta l l iz e d .  I f  these  rock 
types were under h ig h e r PggQ then  Type IX and I I I  rocks mentioned p re ­
v io u s ly , th e re  would be a sm a lle r le u c i te  range according  to  th e  system 
a lb i te -o r th o c la s e  and th e  c iy s ta l l i z a t io n  tem perature would be low er.
This would account f o r  the absence o f  le u c i te  and abundant b i o t i t e .
A fte r  in t r u s io n ,  a sm all amount o f san id in e  c ry s ta l l iz e d  be fo re  the  
groundmass was fro z e n . The high percen tage o f i n i t i a l  o liv in e  suggests 
th a t  th e se  types were in tru d e d  l a t e r ,  contemporaneous to  Type I I I  rock 
of Smoky B utte  q u a rry . The lac k  o f  le u c i te ,  however, makes t h i s  a 
q u estio n ab le  c o n c lu sio n .
Magma Type
The chem ical c h a r a c te r i s t i c s  o f Smoky B utte  rocks a re  unusual. 
Chemical a n a ly s is  (1 ) (Table IV) i s  o f the sa n id in e - le u c i t e - b i o t i t e  
rock (Type I I )  and a n a ly s is  (2 ) i s  o f th e  s a n id in e -b io t i te  rock  (Type I ) .  
The o th e r  ana ly ses  given on Table IV a re  o f rocks showing a f f i n i t i e s
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or p ro v in ce  r e la t io n s h ip s  to  th e  Smoky B u tte  in tru s iv e s*
As we have seen , rock  Types I  and I I  d i f f e r  considerab ly  in  
te x tu re  and s t ru c tu r e  b u t th ey  have a s im ila r  chem ical composition#
Rock Tÿpe I I I  a lso  appears to  have a s im ila r  composition#
The most s t r ik in g  fe a tu re s  o f th e  chem ical a n a ly s is  o f  Smoky 
B u tte  a re  th e  h igh  po tassium , phosphorous, t ita n iu m , and magnesium 
c o n te n t, and th e  low aluminum and sodium conten t#  The rocks a re  
p o tass iu m -rich  v o lcan ic  ty p es  and a re  r e la te d  to  th e  more potassium - 
r ic h  subprovinces of th e  p é tro g rap h ie  prov ince of C en tra l Montana: 
the  p o tass iu m -rich  subprovinces o f th e  Highwood and Bearpaw M ountains. 
The Smoky B u tte  rocks d i f f e r  from th e s e  ty p e s , however, in  th a t  th ey  
a re  oversa tu ra ted#  The norm c a lc u la t io n s  show th a t  th e re  i s  more than  
a s u f f i c i e n t  amount o f s i l i c a  to  have formed a l l  s a tu ra te d  m inerals w ith  
3#1 p e r  cen t excess s i l i c a  in  the  s a n id in e - le u c i te - b io t i te  rock type and 
1#3 p e r c e n t excess s i l i c a  in  th e  s a n id in e -b io t i te  rock# In  t h i s  r e s ­
p e c t th e  Smoky B u tte  rocks a re  c lo se ly  r e la te d  to  th e  West Kimberly, 
A u s tra l ia  rocks which have excess s i l i c a  in  the norm c a lc u la tio n s  and 
s im ila r  com positions# The Smoky B utte  rocks a re  r e la te d  a lso  to  the 
p o tass iu m -rich  v o lca n ic  rocks o f th e  L eucite  H il ls  o f Wyoming#
A nalysis number (3 ) ( Table IV) i s  of c e d r ic i te  from th e  West 
Kimberly D i s t r i c t  o f A u s tra lia#  In  g e n e ra l, th e  Smoky B utte  rocks have 
l e s s  f e r r i c  i r o n ,  po tassium , and calcium  and more aluminum, phosphorous, 
and magnesium than th e  c e d r ic ite #  The m ineralogy of c e d r ic i te  d i f f e r s  
from th e  Smoky B u tte  ro ck s in  th a t  th e re  i s  much le s s  b i o t i t e  and no 
san id in e  a s so c ia te d  w ith  l e u c i t e ,  which i s  th e  predom inant c o n s titu e n t  
(se e  Table IV f o r  mode and noiro) (Wade and P r id e r ,  1939, pp# 65-66)#
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T his f e a tu r e  i s  shown by th e  l e u c i t e - o l iv in e - b io t i t e  rock  (mode given 
on Table IV, sample 22) which occurs in  th e  c en te r of th e  Smoky B utte  
quarry  and which h as a s im ila r  com position to  the  s a n id in e -b io t i te  
rock (Type I )  and th e  s a n id in e - le u c i te - b io t i te  rock (Type I I )*  The 
o l iv in e - l e u c i t e - b io t i t e  rock  (Type I I I ) ,  as can be seen in  th e  mode has 
a h ig h e r b i o t i t e ,  o l iv in e ,  o re , a p a t i t e ,  and g la s s  co n ten t and a lower 
le u c i te  c o n te n t th an  th e  c e d r ic ite *  Some of th ese  d iffe re n c e s  can be 
exp la ined  in  l i ^ t  o f  d if fe re n c e s  in  w ater and oxygen p ressu re  p re se n t 
du ring  c r y s t a l l i z a t io n  (Turner and Verhoogen, I960 , pp . 135-139)* I f  
the  PjjgO vas h ig h er and th e  Pq^ low er in  the Smoky B utte  rocks as com­
pared  to  th e  c e d r i c i t e ,  th is  would account fo r  the  h ig h er b i o t i t e  and 
ore  c o n te n t. The chem ical a n a ly s is  of c e d r ic i te  (Table IV, a n a ly s is  
(k)) shows a g re a te r  f e r r i c  i ro n  co n ten t when compared to  th e  Smoky B utte  
analy ses in d ic a t in g  h ig h er oxygen p re ssu re  ox id ized  the fe rro u s  iro n  to  
f e r r i c  i r o n .  I n  th e  norm c a lc u la t io n s  the c e d r ic i te  has an excess of 
s i l i c a .  The g r e a te s t  d if fe re n c e  between th e  norm c a lc u la tio n  of c e d r i­
c i t e  and the  Smoky B utte  rocks l i e s  i n  th e  la rg e r  c a lc u la te d  d iopside 
c o n te n t. The g re a te r  amount of d iopside  in  th e  norm of c e d r ic i te  i s  
caused by s l i g h t ly  more calcium  and l e s s  phosphorous and aluminum 
p re s e n t in  th e  com position o f  the  c e d r i c i t e ,  which l e f t  more calcium  
to  be used in  making w o lla s to n ite  and f i n a l ly ,  more d io p sid e . The 
potassium  i s  in  excess o f  th e  aluminum and was combined w ith  s i l i c a  to  
form KgSiO^.
A nalyses (U) and (5) a re  of o ren d ite  and wyomingite from th e  
L eucite  H i l ls  o f  Wyoming. According to  Cross (189Ü, pp . 120-126) 
le u c i te  and san id in e  a re  the  predom inant m inerals in  o ren d ite  w ith
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su b o rd in a te  p h lo g o p ite , am phibole, and diopside* A p a tite  and r u t i l e  
a re  accesso ry  m in e ra ls , b u t no m ag n e tite , i lm e n ite , o r p y r i te  occur* 
Wyomingite co n ta in s  p h lo g o p ite , l e u c i t e ,  d io p s id e , a p a t i t e ,  and a 
g la s sy  groundmass* The p h lo g o p ite  shows s im i la r i t i e s  to  th e  Smoky 
B u tte  b i o t i t e  in  i t s  h i ^  2V (up to  35 d e g re e s ) . The chem ical analyses 
of th e  L eu c ite  H i l ls  rocks compare to  the  Smoky B utte  rocks c lo s e ly  in  
most re sp ec ts*  The major d if fe re n c e s  a re  th a t  they  have more f e r r i c  
iro n  and more potassium * The norm c a lc u la t io n s , however, show th a t  they  
a re  c o n sid e rab le  unders a tu ra te d , because o liv in e  and nepheline appear* 
O rend ite  and w yom ingite, l ik e  the  c e d r ic i t e ,  have excess potassium  over 
aluminum which was combined w ith  s i l i c a  to  form KgSiO^ * They have more 
calcium  l e f t  from th e  a p a t i te  c o n s tru c tio n  g iv ing  a h ig h er c a lc u la te d  
d io p sid e  con ten t s im ila r  to  c e d r ic ite *
As has been p re v io u s ly  s ta te d ,  th e  Smoky B utte  in tru s iv e s  l i e  on 
the  extreme e a s te rn  edge o f th e  p é tro g rap h ie  province o f c e n tra l  Montana. 
The n e a re s t  rocks th a t  may be s im ila r  to  Smoky B utte  rocks a re  lo ca te d  
55 to  60 m iles due sou th  o f  Smoky B u tte  in tru s iv e s*  Bowen (1915* P* 66) 
d esc rib ed  a d ike  (9 f e e t  wide and o n e -h a lf  m ile long) on Porcupine dome 
in  T* 10 N*, H* 36 £* , Rosebud County, Montana* The dike i s  composed 
of re d d ish  brown v e s ic u la r  rock  co n ta in ing  sm all f la k e s  o f b i o t i t e ,  a 
co n sid erab le  p ro p o rtio n  o f  c a l c i t e ,  and some b lack  sh a le  inc lu sions*
Only b i o t i t e  and c a lc i t e  could be determ ined p e tro g rap h ica lly *
O ther sm all in tr u s iv e s  in  th e  v ic in i ty  o f Smoky B u tte  occur in  
T* 8 N*, R* 36 E*, Rosebud County, Montana, near the  Ingomar dome* The 
d ikes seem s im ila r  in  occurrence and m ineralogy to  some o f the  Smoky 
B utte  rock  types* Heald (1926, pp . 26-27) d escrib ed  the  d ikes as
— 6 2 —
in tru d in g  l a t e  C retaceous sed im ents, vary ing  in  w idth from a few 
inches to  se v e ra l f e e t ,  and having s t r ik e s  of from N* 68 E .,  to  N. 80 E* 
They a re  composed o f extrem ely a l t e r e d  l i g h t  to  dark greenish-brown 
m a te r ia l .  A m icroscopic s tudy  o f  the  rock shows i t  to  be p o rp h y r itic ;  
c o n ta in in g  b i o t i t e ,  c a l c i t e ,  s e rp e n tin e , and a p a t i te .  In c lu s io n s  a re  
numerous c o n s is tin g  o f  c r y s ta l l in e  l ig h t  brow nish-gray lim esto n e , re d ­
d ish  q u a r t z i t e ,  and l ig h t -g ra y  sh a le . In  some sm all lim estone in c lu s ­
io n s , c a rb o n ife ro u s f o s s i l s  were found in d ic a tin g  th a t  t h i s  lim estone 
was brought up from the Madison Limestone fo rm ation , probably more than  
5,000 f e e t  below th e  su rfa c e .
The n e a re s t  in tru s iv e  rocks to  Smoky B utte  th a t  have been des­
c rib e d  in  some d e ta i l  a re  lo c a te d  10 m iles w est o f W innett, Montana.
As can be seen from the chem ical a n a ly s is ,  th e  norm, and th e  mode 
(T able IV ), th e  nepheline  hauyn ite  a ln o i te  d escrib ed  by Ross (1926, 
p . 218-227) d i f f e r s  g re a t ly  from the  Smoky B utte  rocks and i s  h ig h ly  
u n d e rsa tu ra te d .
When th e  Smoky B utte  rocks a re  compared to  the  most p o ta sh -r ic h  
rocks of th e  p é tro g rap h ie  prov ince o f C en tra l Montana, i t  can be seen 
th a t  they  a re  q u i te  d i f f e r e n t  ( Table IV, a n a ly s is  ( ? ) ) .  B u ie ’s a n a ly s is  
(19Ul, p . 1767- 1768) of a u g ite  m afic p h o n o lite  was used because i t  shows 
the  c lo s e s t  approxim ate chem ical com position to  th e  Smoky B utte  ro ck s . 
From th e  chem ical a n a ly s is ,  th e  norms, and th e  mode (Table IV) the  
d if fe re n c e s  a re  a p p a re n t. The a u g ite  mafic p h o n o lite  i s  u n d ersa tu ra ted  
w ith  more a n o r th i te  p re s e n t in  the  norm.
The le u c i  t i  te  from th e  Bearpaw M ountains d escribed  by Weed and 
P irsso n  (1896a, p . 1L5-1L6) approaches th e  Smoky B u tte  rocka in  alumina
and p o tash  co n ten t (Table IV ). I t  d i f f e r s ,  however, in  being h ig h ly  
u n d e rsa tn ra te d . The most im portan t f e a tu re s  o f th e  l e u c i t i t e  an a ly s is  
a re  th e  low aluminum and s i l i c a ,  and th e  high potash co n ten t which 
s u f f i c i e n t ly  e x p la in  th e  p resence  of th e  l e u c i te .  In  the  m ineralogy 
o f th e  l e u c i t i t e ,  th e  b i o t i t e  shows s im i la r i t i e s  to  t h a t  o f Smoky B utte  
ro c k s . I t  occurs as la rg e  (5-10 mm), p a r t i a l l y  reabsorbed c ry s ta ls  
which have a 2V o f 38 degrees and a re  p leochoic  from n e a rly  c o lo r le s s  
to  dark  reddish-brow n.
CONCLUSIONS
The Smoky B utte  rocks a re  shallow  in tru s iv e s  w ith  a d is e q u il­
ib rium  m ineral assemblage* No e x tru s iv e  rocks occur. Evidence of 
th e  upper c o n ta c t  i s  c le a r ly  v i s ib le  f o r  some o f th e  in tru s iv e s :
Top C ontact B u tte  has L i f e e t  of l i g h t  ye llow ish  Tullock sedim ents 
capping i t ;  exposure (1) has a c o n ta c t zone rock on i t s  h i p e s t  
su rfa c e ; Ship Rock, on i t s  n o rth  end, has a darkened co n tac t zone;
B u ll Snake knob w ith  i t s  flow banding shows evidence of d e f le c tio n  
to  th e  e a s t .
The Smoky B u tte  p lugs and d ik e s , arranged in  a l in e a r ,  en
echelon p a t te r n ,  in tru d e  th e  H e ll Creek form ation  and the Tullock
member o f the  F o r t  Union fo rm ation . From th e  s t r u c tu r a l  r e la t io n s h ip s , 
the  in tru s iv e s  appear to  be r e la te d  to  th e  T e r t ia ry  fo ld in g  of the  
Blood Creek-Sheep Mountain sy n c lin e  of l a t e  Eocene tim e. The F lax - 
v i l l e  g ra v e l capping th e  r id g e  near H alf Sediment B u tte , of Miocene (?) 
o r P liocene  tim e , was deposited  a f t e r  e ro s io n  had a lread y  exposed the  
in t r u s iv e s .
The Smoky B u tte  rocks have been d iv ided  in to  6 ty p es . Because
of t h e i r  unusual n a tu re  they  have been given d e sc r ip tiv e  names. The
d if fe re n c e s  in  the  Smoky B u tte  rocks a re  accountable by tim e of in t r u ­
sion  and c o n d itio n s  e x is t in g  during emplacement. Three d i f f e r e n t  
p e rio d s  of in tru s io n  have been proposed as in d ic a te d  in  Smoky B utte  
quarry  (T able I I I  shows the  proposed scheme of in tru s io n ) .  O ther 
ro ck s , o ccu rrin g  in  d ik es  and p lu g s , a re  r e la te d  to  the  quarry  ty p es . 
The l ig h t- c o lo re d  p lugs and d ik es  were in tru d e d  contemporaneously to  
the  Type I  rock  of Smoky B utte  q u a rry . The dark dike rocks th a t  have
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c u t through th e  sm a lle r  p lu g s , o r where t h e i r  outcrop p a tte rn  appears 
to  be c o n tro l le d  by th e  p lu g s , were in tru d e d  a t  the same tim e as Type 
I I I  rock  o f  th e  q u a rry . Because of the  s im i la r i t i e s  in  the chemical
com position of th e  ro ck  Types I  and I I ,  i t  i s  be lieved  th a t  lÿpe I I I
rock  a ls o  has a s im ila r  com position. This rock has much more s i l i c a -  
r i c h  g la s s  in  th e  groundmass. The d iffe re n c e  in  m ineralogy and te x tu re  
of the  Smoky B utte  rocks i s  accounted f o r  by the m inerals p re se n t when 
th e  magma was in tru d e d  and r a te  of coo ling . The f i r s t  in truded  rock 
in  Smoky B utte  q u a rry  con ta ined  th e  l e a s t  amount of o liv in e  and no 
id e n t i f i e d  l e u c i t e .  The l a t e r  in tru s io n s  contained  p ro g re ss iv e ly  more 
o l iv in e  and le u c i t e  because c r y s ta l l i z a t io n  was occurring  in  the  magma 
chamber.
The high b i o t i t e  and ore co n ten t o f the  rocks p o in ts  to  th e  con­
c lu s io n  t h a t  th ese  rocks were su b jec ted  to  h igh  The low f e r r i c
iro n  co n ten t in d ic a te d  low P_ .O2
The high c a l c i t e  c o n te n t of the  e a r l i e r  in tru d ed  plugs and dikes 
cause the  l ig h t e r  c o lo r .  This c a lc i t e  occurs both  as in c lu s io n s  and 
vug f i l l i n g s .  About th e  d ike  rocks exposed near Ingomar dome. Head 
( 1926, pp . 37) has s a id : " I t  i s  of considerab le  i n te r e s t  th a t  the
magma th a t  formed th ese  d ik es  was both s u f f ic ie n t ly  l iq u id  to  t r a v e l  
a  m ile  o r more and so co o l t h a t  i t  d id  no t app reciab ly  a l t e r  the  sm all 
lim estone  fragm ents th a t  i t  co n ta in ed ."  The c a lc i t e  in c lu s io n s  in  the 
Smoky B u tte  rocks were p robab ly  brought up from th e  Madison fo rm ation .
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METAMORPHISM
The metamorphic e f f e c ts  o f th e  d ikes and plugs vary  w ith  th e  s iz e  
o f th e  in tru s iv e  as w e ll as th e  rock  ty p e . High in d u ra tio n  of the  s e d i­
ments occurs only w ith in  a few inches o f the c o n ta c t o f th e  l ig h t-c o lo re d  
gray  d ik e s , d a rk  f r e s h  d ik e s , and th e  cone-shaped plugs# The degree of 
in d u ra tio n  d ecreases away from th e  c o n ta c t w ith  unmetamorphosed sediments 
p re s e n t 6 inches to  3 f e e t  away from th e  c o n ta c t, depending on the s iz e  
of the in tru s iv e #  The w idest c o n ta c t metamorphic zone i s  a t  Smoky B u tte , 
c o n s is tin g  of a h i ^ l y  in d u ra ted  and f ra c tu re d  zone 10#5 f e e t  wide#
This zone makes a sharp  c o n ta c t w ith  the  s l ig h t ly  indu ra ted  sedim ents of 
the T u llock  member on th e  w est s id e  o f th e  quarry#
X e n o lith s , b o th  la rg e  and sm all, a re  most abundant in  the  l i g h t -  
co lo red  d ikes and plugs# They show a h igh  degree o f in d u ra tio n  g e n e ra lly  
w ith  a h i ^ l y  v e s ic u la r ,  darkened zone around them# In  th in  se c tio n , 
i t  can be  seen  th a t  th e  sm a lle r  o r ie n te d  s i l t s i z e d  q u a r tz i t ic  x en o lith s  
have darkened g la ssy  borders#  In  many cases rounded g ra in  shapes mak­
ing up th e  x e n o li th  can be d istin g u ish ed #  The la rg e r  x en o lith s  a re  
in d u ra te d , v e ry  l ig h t-c o lo re d  types c o n s is tin g  of s i l t  to  c la y -s iz e d  
m a te r ia l#
The c o n ta c t m etam or0iic rock above the  quarry i s  very  l ig h t  gray 
in  hand specimen and c o n s is ts  o f in d u ra ted , s i l t - s i z e d ,  rounded to  sub- 
angu lar q u a rtz  and p la g io c la se  fe ld s p a r  g ra in s . About 25 p e r cen t of 
the  rock  i s  made up o f the la rg e r  s iz ed  g ra in s (0#3 mm). The ground- 
mass i s  much f in e r  g ra in e d , composed of s i l t - s i z e d  p a r t ic le s  of quartz  
and fe ld s p a r  w ith  abundant c a l c i t e  f i l l e d  sm all f r a c tu re s  and voids#
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A x e n o li th  sampled in  Smoky B utte  quarry  shows some of the  
f e a tu re s  o f th e  upper contact-m etam orphic zone# I t  d i f f e r s  in  th a t  
the  g ra in  s iz e  i s  sm a lle r , th e re  i s  l e s s  c a lc i t e  p re s e n t , and hornblende 
occurs# In  hand specimen the x e n o lith  i s  gray co lo red , bad ly  f ra c tu re d , 
and surrounded by  in te n s i f i e d  flow  banding of th e  s a n id in e -b io t i te  rock 
(Type I )  which c o n ta in s  i t#
The m ic ro sc o p ic a lly  id e n t i f i a b le  m inerals in  the  x e n o lith  men­
tio n e d  above a re :  quartz  and p la g io c la se  making up approxim ately 30%
of the  rock ; hornb lende, 2^; b io t i t e  t r # ,  opaque ore m inerals t r .  hema­
t i t e  t r ,  and u n id e n tif ie d  h ig h ly  b ir é f r in g e n t  m inera l, 3%̂  and a 
groundmass, 63^# The la r g e r  q u a rtz  and fe ld s p a r  g ra in s  a re  subang u la r 
to  an g u la r w ith  a maximum len g th  o f  0#0l5 mm. The fe ld s p a r  v a r ie s  in  
o p t ic a l  p ro p e r t ie s  in d ic a t in g  presence o f bo th  so d ic  and c a lc ic  ty p e s .
Hornblende occurs in  e longated  euhedral p la te s  up to  0 ,h l  mm 
in  le n g th  w ith  an e x tin c tio n  angle of l6  degrees and pleochroism  from 
c le a r  to  l i ^ t  green# B io t i t e ,  p leoch ro ic  from c o lo r le s s  to  dark brown 
has a  sm all o p tic  angle# The groundmass i s  composed of undeteim ined 
m ic ro l i tes# H ighly b i r é f r in g e n t  m ic ro li te s ,  which a re  c le a r  in  p la in  
l i g h t ,  occur throughout th e  groundmass#
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Upper P a r t  o f H e ll Creek Form ation
and T ullock  Member o f the  F o r t  Union Formation
L ocation ; S ou theast s id e  of Smoky B utte  in t ru s iv e s .
Sec. 12, 1 3 , l l i ,  T. 18 N ., R. 36 E. Fit>m th e  top to  
bottom ; c o lo rs  r e f e r  to  weathered ro ck . See P la te  I  




Number L itho logy  F ee t Inches
U? Sandstone, b u f f - ta n ,  very  f in e -g ra in e d  Over 7$ 0
U6 Bone, dark-brow n-black , v e ry  s i l t y ,  numerous
ru s ty  p a r t in g s  3 2
Mudstone, b u f f - ta n  and sandy a t  b a se , gray and
c lay ey  a t  top  8 2
LU Bone, sh a ly  to  s i l t y ,  coaly  a t  base , concre tionary  U 7
U3 Mudstone, g ray  and clayey  a t  b a se , b u ff  and s i l t y
a t  to p , f la k y  $ 6
U2 S hale , g ray -b la ck , boney a t  base 1 0
Ul Mudstone, b u f f -g ra y , sandy U 10
UO Sandstone, b u f f -g ra y , v e ry  f in e -g ra in e d ,
c layey  a t  b a se , co n ta in s  concre tions and channel
sands 7 3
39 Bone, s i l t y  0 7
38 Mudstone, b u f f  and sandy a t  b a se , g ray ,
carbonaceous and c layey  a t  to p  3 0
37 S hale , orange-brown, c layey , s u b f is s i le  3 0
36 Sandstone, b u f f - ta n ,  very  f in e -g ra in e d  clayey 3 U
35 Sandstone, b u f f - ta n ,  v e ry  f in e -g ra in e d , some­
what lim ey , in d u ra ted  to  a flag g y  bench $ 0
-7 3 -
U nit U nit
Nimber Thickness
F e e t Inches
3h Mudstone, b u f f - ta n ,  sha le  and sandy a t  in te r v a ls  12 7
33 C oal, s i l t y ,  powdery, v a r ie s  in  th ick n ess  1 6
32 Sandstone, b u f f - ta n ,  v e ry  f in e -g ra in e d , some^diat
c lay ey  a t  top  11 5
31 M udstone, b u f f ,  sandy and carbonaceous a t  top  10 9
30 L im estone, t a n ,  very  s i l t y ,  hackly  1 3
29 S h a le , b lack  and coaly  a t  b a se , gray  and
c layey  a t  to p  2 10
28 Mudstone, ye llow -gray , ve ry  sandy a t  base ,
sh a ly  a t  top k 8
27 C laystone , b u f f - ta n ,  c o n ta in s  iro n sto n e  and
channel sands 3 6
26 C laystone , b u f f - ta n  1 3
2$ C oal, ve ry  bony a t  b a se , th in  papery sha le
a t  top  1 10
2li Mudstone, m edium -light g ray , s i l t y  to  c layey ,
carbonaceous 6 9
23 Coal, p la ty ,  c le a r ,  co n ta in s  yellow  d u st and
s e le n i te  0 10
22 Mudstone, l ig h t - g r a y ,  s i l t y ,  s u b f i s s i le  2 0
21 Mudstone, b u f f - ta n ,  s i l t y ,  w ith  in te r la y e re d
c h e r t  and iro n s to n e  6 6
20 S h a le , dark-brow n, papery , carbonaceous 0 8
19 Bone, sh a ly  to  sandy, somewhat coaly  top and
base  1 6
18 Mudstone, g ra y -b u ff , sandy a t  b a se , c layey  a t
top  9 6
17 Sandstone, b u f f - ta n ,  medium-grained, f r i a b l e ,
sa lt-a n d -p e p p e r , w ith  a tw o-foo t zone of in ­




16 Coal, p la ty ,  c le a r
15 S h a le , dark-brow n, papery , very  carbonaceous
lU S i l t s to n e ,  b u f f - ta n ,  f r i a b l e
13 Mudstone, g ra y -b u ff , c layey  to  sandy, w ith
in te r la y e re d  iro n s to n e  and channel sands
12 M udstone, g ra y -b u ff , s i l t y ,  w ith  in te r la y e re d
iro n s to n e
11 S h a le , brow n-black, papery , somewhat coaly
10 C laystone , gray-brow n, carbonaceous, s u b f i s s i le
9 S h a le , dark-brow n, f i s s i l e
8 C oal, p la ty ,  somewhat bony a t  base
7 C laystone , l ig h t - g r a y ,  carbonaceous a t  top
6 Mudstone, yellow -gray  to  b u f f ,  sandy except
a t  base
5 C oal, p la ty ,  c le a r
h Mudstone, y e llow -g ray , sandy
3 C laystone , l ig h t-g re e n -g ra y , s l i g h t l y  carbona­
ceous a t  base
2 C laystone , l ig h t-g re e n -g ra y


































tan  and sandy a t  to p Over 7
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